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ABSTRACT
The Bindook Volcanic Complex, a thick succession of Early Devonian 
silicic volcanic rocks, covers an area of approximately 1350 km^ in the 
northeastern part of the Lachlan Fold Belt, southeast Australia. It constitutes 
the volcanic fill (at least 2.5 km thick) of the Wollondilly Basin, an extensional 
structure initiated in continental crust during the Middle Silurian.
Detailed mapping and correlation of distinct units over large distances 
in the Bindook Volcanic Complex has delineated a complex regional 
stratigraphy that reflects the infilling of a shallow marine basin by primary 
volcanic rocks and associated reworked deposits. The major volcanic and 
sedimentary facies include shallow marine to fluvial tuffaceous and quartz 
sandstone, shallow and deep marine redeposited volcanic detritus, extensive 
subaerial ignimbrites and subordinate lavas and high level intrusions. The 
volcanic component of the Wollondilly Basin succession ranges from rhyolitic 
to dacitic in composition and encompasses a wide variety of eruptive styles.
The oldest portion of the Bindook Volcanic Complex, the Tangerang 
Formation, occurs in the southeastern and central parts of the Wollondilly 
Basin. The stratigraphy of the Tangerang Formation has been refined and 
extended to include several new volcanic and sedimentary units. The oldest 
exposed deposits in the Wollondilly Basin comprise a quartz turbidite 
sequence deposited in moderately deep water, and shallow marine shelf 
limestone, shale and minor conglomerate deposited close to the eastern 
margin of the basin. Low energy shelf sedimentation in the southeastern part 
of the Wollondilly Basin was curtailed by the onset of explosive silicic 
volcanism in this area. Large volumes of coarse-grained, unabraded 
pyroclastic detritus accumulated: (i) in deltas formed by rivers draining 
subaerial volcanoes; and (ii) near the shoreline from pyroclastic flows 
disintegrating on contact with water. Periodic slumping of this detritus as thick 
mass flows produced a prominent marker horizon of shallow marine
volcaniclastic rocks defined as the Devils Pulpit Member. Thinner mass-flow 
beds also occur in the shallow marine succession and these deposits have 
been reworked extensively by tide-generated currents to produce a sequence 
of well-bedded shelf sands interspersed with mass-flow deposits and water- 
lain deposits of fine-grained pyroclastic detritus.
Infilling of the Wollondilly Basin led to exposure of the shallow marine 
succession and a substantial period of subaerial erosion. Influx of quartz sand 
derived from an older sedimentary province exposed on the basin margins led 
to deposition of a thick fluvio-lacustrine sequence onto this erosional surface. 
Reinstatement of active volcanism is reflected by emplacement of the Kerillon 
Tuff Member which consists of: (i) a thick sequence of non-welded rhyolitic 
ignimbrite from a phreatomagmatic eruption; and (ii) extensive dacitic welded 
ignimbrite and ash-fall tuff produced by a large magnitude eruption associated 
with caldera collapse in the central part of the Bindook Volcanic Complex. The 
uppermost unit of the Tangerang Formation (Kerrawarra Dacite Member), 
emplaced over a large part of the central Bindook Volcanic Complex, has the 
dimensions of an ignimbrite but is lava-like in character.
Major ignimbrite-forming eruptions also post-dated deposition of the 
Tangerang Formation and formed an extensive subaerial volcanic plateau. 
Contemporaneous erosion of the subaerial ignimbrite sequence led to 
emplacement of the marine Kowmung Volcaniclastics into the northern part of 
the Wollondilly Basin. The youngest preserved deposits of major volcanic 
activity in the Bindook Volcanic Complex comprise the Barrallier Ignimbrite 
which is at least 500 m thick and covers a large proportion of the exposed 
complex. Present exposures of this unit are remnants of an originally vast 
sheet of homogeneous, densely welded ignimbrite which was probably 
erupted from a large caldera in the northern part of the Bindook Volcanic 
Complex.
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The Early Devonian Bindook Volcanic Complex is a large silicic 
volcanic province situated in the northeastern part of the Lachlan Fold Belt in 
New South Wales, Australia (Figs 1.1 and 1.2). It covers an area of 
approximately 1350 km^ and forms a relatively narrow, 110 km long belt 
between Yerranderie and Windellama that is mainly bounded by Ordovician 
turbidite sequences and Late Silurian shallow marine sedimentary rocks. 
Permo-Triassic sedimentary rocks of the Sydney Basin overlie the 
northeastern margin of the Bindook Volcanic Complex and the southern 
boundary is truncated by the east-trending Jacqua Fault (Fig. 1.1).
The Bindook Volcanic Complex was deposited in the extensional 
Siluro-Devonian Wollondilly Basin and consists of dacitic to rhyolitic 
pyroclastic rocks, sedimentary rocks, minor lavas and intrusions. A large 
proportion of the Bindook Volcanic Complex was emplaced in a subaerial 
environment (Fergusson 1980; Simpson 1986), but a transition from 
subaqueous to subaerial depositional environments is recorded within the 
Tangerang Formation, the oldest part of the succession (Table 1.1). The 
Tangerang Formation, which occurs only in the southern half of the Bindook 
Volcanic Complex (Fig. 1.2), consists of a large variety of lithologies 
including subaqueous volcaniclastic and sedimentary rocks, subaerial 
pyroclastic rocks, lavas and quartzose sedimentary rocks. Small areas of 
volcaniclastic rocks have also been documented as marginal facies to the 
main volcanic succession in the northern part of the Bindook Volcanic 
Complex (Cas et al. 1981).
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Despite the problems associated with interpretation of ancient 
volcanic successions that are imposed by incomplete exposure, weathering 
and deformation, the Bindook Volcanic Complex, and in particular the 
Tangerang Formation, were selected for detailed study as they provide an 
opportunity to compare and contrast the character of pyroclastic rocks 
deposited in subaqueous as opposed to subaerial environments. 
Furthermore, exposure of a thick sequence of basin-fill lithologies allows 
reconstruction of the palaeogeography of this part of the Lachlan Fold Belt 
during the Early Devonian. To this end the aims of this thesis are as follows:
1. To revise the stratigraphy of the Bindook Volcanic Complex 
(Table 1.1), in particular the Tangerang Formation. This includes 
detailed mapping and documentation of both previously and newly 
defined parts of the Tangerang Formation in the southern half of the 
Bindook Volcanic Complex.
2. To establish as clearly as possible, the depositional setting of the 
volcanic lithologies in the Tangerang Formation from the record 
provided by the sedimentary rocks.
3. To examine the facies characteristics of pyroclastic rocks deposited 
in both marine and non-marine settings.
4. To review previous studies of the Bindook Volcanic Complex and to 
integrate these studies with new data presented in this thesis.
5. To develop a palaeogeographic reconstruction for the 
emplacement of the Bindook Volcanic Complex, and its role in the 
Wollondilly Basin, that may be cited as an example of the evolution of 
other ancient volcanic successions.
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I .  2 GEOLOGICAL SETTING OF THE BINDOOK VOLCANIC COMPLEX
Deposits from large-scale eruptions of silicic magmas are
\
volumetrically important constituents of the Palaeozoic succession in the 
Lachlan Fold Belt of southeastern Australia, but most are poorly known and 
detailed study of the volcanology of these deposits has rarely been 
attempted. Many of these areas of Palaeozoic volcanic rocks are 
comparable in size with younger silicic volcanic provinces, such as the 
Taupo Volcanic Zone in New Zealand and the San Juan Volcanic Field in 
the United States, for which the volcanological development has been more 
extensively documented and which may serve as useful analogues for parts 
of the Bindook Volcanic Complex.
The Early Devonian Bindook Volcanic Complex, together with Late 
Silurian and Late Devonian sedimentary rocks, constitute the fill of the 
Wollondilly Basin which was initiated as a meridional extensional basin 
developed in continental crust in the Middle to Late Silurian (Powell 1984; 
Scheibner 1987). The Wollondilly Basin is the easternmost in a series of 
Siluro-Devonian basins that occur across a width of 400 km in New South 
Wales and 200 km in Victoria (Fergusson et al. 1986). A diverse range of 
facies characterises these extensional basins, many of which contain up to 
10 km of fill and display transitions from deep marine to terrestrial 
depositional environments (Cas 1983a; Powell 1984).
The Wollondilly Basin was defined as a narrow graben structure by
J. G. Jones, R. H. Flood and C. McA. Powell (unpublished manuscript, 
Maquarie University) that extended from Oberon to Windellama, a distance 
of 150 km (Fig. 1.3). The Taralga Fault and its extensions were proposed 
as the western margin, separating the Late Silurian to Late Devonian fill of 
the Wollondilly Basin from Ordovician rocks to the west. In the Oberon to 
Marulan area, the eastern margin of the Wollondilly Basin is largely 
obscured by the Permo-Triassic Sydney Basin sequence but its approximate
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position is marked by small inliers of Ordovician rocks. South of Marulan the 
deposits of the Wollondilly Basin unconformably overlie Ordovician rocks.
Powell (1984) suggested that the Wollondilly Basin may have 
originally been much larger, extending at least as far south as Captains Flat 
and possibly into northeastern Victoria, approximately 250 km south of 
Windellama. A single large Siluro-Devonian basin in this part of the Lachlan 
Fold Belt was also favoured by Bain et al. (1987) rather than the series of 
small volcanic rifts, such as the Captains Flat Trough, proposed by 
Scheibner (1970). Bain et al. (1987) proposed that this single basin, which 
they termed the Ngunawal Basin (Fig. 1.3), extended from Cooma at least 
as far north as the northern extent of the Bindook Volcanic Complex, a 
distance of 270 km.
The area defined as the Ngunawal Basin by Bain et al. (1987) has a 
meridional trend and is bounded on its eastern and western margins by the 
Late Silurian subaerial Long Flat Volcanics and Colinton Volcanics, 
respectively (Wyborn and Owen 1986). This contrasts with the north- 
northeast trend of the Wollondilly Basin and the Early Devonian age of 
volcanism. Determination of the original extent of the Wollondilly-Ngunawal 
Basin is beyond the scope of this thesis which is restricted to a study of the 
deposits in the Wollondilly Basin between Yerranderie and Windellama 
(Fig. 1.1).
The tectonic framework of the Siluro-Devonian extensional basins in 
the Lachlan Fold Belt is still unresolved and current opinion favours their 
origin as either small intra-arc basins within an exceptionally wide volcanic 
arc, or a series of small extensional basins analogous to the modern Basin 
and Range Province in the western United States of America (Cas 1983a; 
Fergusson and Vandenberg 1990). This thesis does not attempt to resolve 
this problem but possible tectonic settings are considered further in 
discussion of the palaeogeography of the Wollondilly Basin in Chapter 8.
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The Early Devonian Bindook Volcanic Complex is conformably 
underlain by Late Silurian sedimentary rocks which include shallow marine 
limestone and shale in the eastern part of the Wollondilly Basin and deeper 
marine turbidite deposits in the west.
The major stratigraphic divisions of the Bindook Volcanic Complex 
are shown in Table 1.1. In broad terms, the stratigraphy youngs from south 
to north with the oldest part of the sequence, the Tangerang Formation, 
restricted to the southern half of the complex where it conformably overlies 
Late Silurian sedimentary rocks. Six members, as well as a large volume of 
sedimentary rocks, have been delineated within the Tangerang Formation. 
Description and discussion of the Tangerang Formation, in particular the 
volcanic members, forms the major part of this thesis.
The Tangerang Formation is erosionally overlain by two regionally 
extensive ignimbrites (Joaramin and Barrallier Ignimbrites; Table 1) which 
dominate the northern half of the Bindook Volcanic Complex. The subaerial 
Wombeyan volcanics and Yerranderie volcanics and the subaqueous 
Kowmung Volcaniclastics occupy marginal positions in the north and 
northwest areas of present Bindook Volcanic Complex exposures (Fig. 1.2).
1.3 THESIS PRESENTATION
This thesis has been organised and written so that many individual 
chapters are self contained and easily adaptable for publication. The text of 
the thesis is presented in Volume 1. Figures and Tables in the order referred 
to in the text are contained in Volume 2, together with Appendices.
This thesis is concerned largely with the southern half of the Bindook 
Volcanic Complex and aspects of this area are covered in Chapters 2 to 6. 
Chapter 2 presents the redefined stratigraphy of the Tangerang Formation, 
together with discussion of the structure of this area. Sedimentary rocks, 
which constitute a large portion of the Tangerang Formation and form the
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basis for palaeogeographic reconstruction, are described in Chapter 3. 
Chapters 4, 5 and 6 present detailed descriptions, facies analysis and 
interpretation of individual volcanic members of the Tangerang Formation. 
Less studied areas and previous work in the northern half of the Bindook 
Volcanic Complex are described in Chapter 7. The palaeogeography of the 
Bindook Volcanic Complex is discussed in Chapter 8, with particular 
emphasis placed on deposition of the Tangerang Formation within the 
Wollondilly Basin.
Nomenclature and .usage of most terms referred to in the text are 
defined in the relevant section where first mentioned. It is appropriate, 
however, to define two terms in this section. The term "volcaniclastic" is used 
as a general term for fragmental rocks of volcanic provenance (Cas and 
Wright 1987) and thus includes primary volcanic and reworked products 
(Fisher 1961). "Pyroclastic" refers only to those volcanic rocks in which 
fragmentation occurred by explosive eruption prior to emplacement by 
pyroclastic processes, that is, pyroclastic flow, fall or surge.
Grid references used in the text, unless stated otherwise, refer to New 
South Wales Department of Lands 1:25000 Series Topographic Maps.
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CHAPTER 2
THE TANGERANG FORMATION: STRATIGRAPHY AND
STRUCTURE
2.1 DEFINITION OF THE TANGERANG FORMATION
The Early Devonian Tangerang Formation is defined in this thesis as 
a sequence of subaqueous and subaerial silicic volcaniclastic rocks and 
lavas interbedded with non-volcanogenic sedimentary rocks and intruded by 
dacitic sills and pods. It forms two linear belts of exposure, covering an area 
of approximately 170 km^, that are separated by younger Bindook Volcanic 
Complex rocks. The total length of exposure of the Tangerang Formation is 
65 km between the Tarlo River and Windellama (Fig. 2.1) and the 
maximum width is 6.5 km.
The western margin of the Tangerang Formation is marked by the 
Yarralaw Fault (Fig. 2.2) which separates upthrown Late Silurian 
sedimentary rocks from downthrown Tangerang Formation and Late 
Devonian sedimentary rocks (Jones et al. 1984). North of Brayton this fault 
separates Ordovician rocks on the west from the Tangerang Formation and 
younger Bindook Volcanic Complex lithologies on the east. The Jacqua 
Fault at Windellama terminates the southern extent of the Tangerang 
Formation whereas the northern limit is covered by the younger Barrallier 
Ignimbrite.
In the area between Marulan and Reevesdale (Fig. 2.2), the 
Tangerang Formation conformably overlies the Late Silurian Bungonia 
Limestone, which consists of interbedded limestone, shale and minor 
sandstone (Carr et al. 1981). Jones et al. (1984) defined the base of the 
Tangerang Formation in this area as the first occurrence of dacite lava or 
tuffaceous sandstone overlying the Bungonia Limestone. South of
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Reevesdale (Fig. 2.2), the Tangerang Formation unconformably overlies 
strongly deformed Ordovician turbidite sequences or is faulted against Late 
Silurian shale and limestone. The eastern margin of the Tangerang 
Formation between Marulan and the Tarlo River (Fig. 2.3) is also bounded 
by Ordovician turbidite sequences and minor remnants of Late Silurian 
limestone.
The Tangerang Formation is unconformably overlain by either 
younger Bindook Volcanic Complex lithologies, such as the Barrallier 
Ignimbrite or by shallow marine and terrestrial Late Devonian quartzose 
sediments (Figs 2.2 and 2.3). Plutons of the Early Devonian Marulan 
Batholith, which are comagmatic with at least part of the Bindook Volcanic 
Complex (Carr et al. 1980; Simpson 1986), intrude the Tangerang 
Formation between Marulan and Big Hill (Fig. 2.3).
This chapter re-defines the extent of the Tangerang Formation and 
outlines previously and newly defined members and units found within it.
2.1.1 Previous Work
The Tangerang Formation was first recognised as a discrete entity by 
Gould (1966) who mapped these rocks in the Marulan South district and 
named them the Tangerang volcanics, despite recognising intercalated non- 
volcanogenic sedimentary rocks in the sequence. Previous workers 
(Woolnough 1909; Naylor 1935, 1939; Osborne and Lovering 1953) 
mapped the Tangerang Formation as silicic porphyries but did not 
distinguish them from the Marulan Batholith. Gould (1966) and Wass and 
Gould (1969) assigned a Late Silurian to possibly Early Devonian age for 
the Tangerang Formation on the basis of its conformable contact with the 
underlying Bungonia Limestone.
More recently, staff and students from the University of Wollongong 
have documented various aspects of the Tangerang Formation in the area
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between Marulan and Windellama (Fig. 2.2). This work is summarised in 
Carr et al. (1981) and Jones et al. (1986), who described the geology of the 
Bungonia district and the geology between Bungonia and Windellama, 
respectively. Jones et al. (1984) renamed and defined the Tangerang 
volcanics as the Tangerang Formation on the basis of the considerable 
volume of reworked material within the sequence. These authors defined the 
Tangerang Formation as approximately 2 km of undifferentiated volcanic 
and clastic lithologies within which several relatively small members were 
distinguished. Jones et al. (1984) recognised three distinct mappable 
entities defined as the Windellama Limestone Member, the Carne Dacite 
Member and the Aloes Tuff Member. The remainder of the Tangerang 
Formation was described by Jones et al. (1984) as a thick undifferentiated 
sequence of marine to subaerial volcaniclastic and sedimentary rocks. A 
fourth distinct lithology was described by Jones et al. (1986) as the Brooklyn 
Conglomerate Member, which crops out north of Windellama. Jones et al. 
(1984) noted vertical and lateral changes in the depositional environment 
and abundant fragmental volcanic detritus within the Tangerang Formation, 
but documented no specific examples.
Previous work on the Tangerang Formation, particularly that of Jones 
et al. (1984, 1986), has provided a basis on which more detailed 
stratigraphic mapping of the various volcaniclastic and non-volcanogenic 
facies has been carried out. Originally the Tangerang Formation was 
recognised only in the Marulan to Windellama area, but two newly defined 
members have now been recognised in the Big Hill area (Fig. 2.1). Detailed 
stratigraphic mapping of the Tangerang Formation reported in this thesis 
indicates that the previously undifferentiated portion of the sequence is 
divisible into three new volcanic members as well as a variety of 
sedimentary rocks.
1 0
2.1.2 New Members of the Tangerang Formation
The three new members described in this thesis comprise:
(1) The Devils Pulpit Member:- a thin sequence of shallow marine 
volcaniclastic rocks recognised between Marulan South and 
Windellama (Fig 2.2).
(2) The Kerillon Tuff Member:- a thick sequence of quartzo-feldspathic 
subaerial pyroclastic rocks initially recognised in the Marulan South 
and Lumley Park areas (Fig. 2.2) and subsequently in the previously 
undifferentiated portion of the Bindook Volcanic Complex in the 
Brayton to Big Hill area (Fig. 2.3).
(3) The Kerrawarra Dacite Member:- a thick and extensive sequence 
of feldspathic volcanic rocks recognised from the Tarlo River to just 
south of Marulan (Fig. 2.3).
In addition to these new members, intervals of tuffaceous and quartz 
sandstone occur throughout the sequence and facies have been delineated 
within them.
2.1.3 Stratigraphic and thickness variations
The type section proposed by Jones et al. (1984) for the Tangerang 
Formation is in the Marulan South area (G.R. Moss Vale 1:100000 sheet 
8928-272466 to 8928-258498). This type section does not include the 
complete range of facies in the Tangerang Formation and is representative 
only of the area between Marulan South and Bungonia. Rapid lateral and 
vertical facies changes, in addition to poor exposure of parts of the 
sequence and consequent paucity of structural data, prevent nomination of a 
more appropriate type section. Instead, geological maps (Figs 2.4 to 2.8), 
stratigraphic columns (Fig. 2.9) and cross-sections (Fig. 2. 10) in areas of 
superior outcrop demonstrate the complex stratigraphic relationships that 
occur within the Tangerang Formation.
Most of the Tangerang Formation is characterised by moderate 
westerly dips, although regional and small-scale folds have been 
recognised. Despite the deformation of the Tangerang Formation 
(Chapter 2.2) the stratigraphy can be correlated across major structures and 
detailed mapping has enabled new thickness estimates to be proposed for 
composite stratigraphic columns from various parts of the sequence 
(Fig. 2.9). The thickness shown in Figure 2.9 are considered to be 
reasonably accurate for relatively well exposed parts of the sequence, such 
as the volcanic members, but can only be taken as estimates for poorly 
exposed parts of the sedimentary sequence where the effects of folding 
cannot be assessed accurately. Folds within the sedimentary portion of the 
Tangerang Formation, however, are generally small-scale and localised in 
their development and may not have significantly affected overall thickness 
estimates.
Thickness variations and broad lithological relationships in the 
Tangerang Formation south of Marulan are represented schematically in 
Figure 2.11. The Tangerang Formation is approximately 2600 m thick at 
Marulan South and approximately 2100 m thick in the Lumley Park to 
Jacqua area (Fig. 2.11). In the area between these two localities only the 
lowest 1000 m of the sequence is exposed beneath the erosional contact 
beneath the Barrallier Ignimbrite. The Tangerang Formation also thins to 
less than 1000 m between Jacqua and Windellama (Fig. 2.11).
North of Marulan (Figs 2.3 and 2.4), only the Kerillon Tuff Member 
and the Kerrawarra Dacite Member are exposed on both limbs of a south 
plunging regional syncline. In this area the Tangerang Formation is at least 
2500 m thick but accurate determination of thickness is hampered by lack of 
reliable structural data, particularly within the Kerrawarra Dacite Member 
which is characterised by a variably oriented flow foliation.
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2.1.4 Age of the Tangerang Formation
Occurrences of age-diagnostic fossils are scarce and restricted to 
shallow marine rocks at the base of the Tangerang Formation between 
Jacqua Creek and Windellama. As such, they are of limited use in 
delineating an age for the overall sequence. Mawson (1975) described 
Lochkovian conodonts from the middle of the Windellama Limestone 
Member. Three localities in the area between Jacqua Creek (Fig. 2.6) and 
Bogungra Creek (Fig. 2.8) have yielded an Early Devonian assemblage 
dominated by trilobites, brachiopods and corals (Hall 1981), which Jones et 
al. (1986) correlated with the Lochkovian faunas in the Windellama 
Limestone Member. Mawson (1975) proposed a Pragian age for the 
Tangerang Formation above the Windellama Limestone Member on the 
basis of a trilobite found in tuffaceous sandstone immediately underlying the 
Devils Pulpit Member.
The upper half of the Tangerang Formation has not been 
radiometrically dated and is completely devoid of fossils. This part of the 
sequence, however, is constrained to the Early Devonian on the basis of 
isotopic age data from overlying volcanic units and intrusions. A hornblende 
dacitic ignimbrite (Barrallier Ignimbrite), which overlies the Tangerang 
Formation, has a K-Ar age of 399±7 Ma whereas three samples from the 
Marulan Batholith, which intrudes both the Tangerang Formation and the 
Barrallier Ignimbrite, yield a mean age of 398±7 Ma (Carr et al. 1980).
2.2 STRUCTURE OF THE TANGERANG FORMATION AND YOUNGER 
ROCKS IN THE BINDOOK VOLCANIC COMPLEX
Detailed structural analysis of the Bindook Volcanic Complex as a 
whole and the Tangerang Formation in particular has not been attempted in 
this thesis as the effects of deformation are generally slight and do not 
hinder elucidation of the stratigraphy in most areas.
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2.2.1 Folds
The northern and southern extremities of the Tangerang Formation 
are exposed on both limbs of a syncline at Big Hill (Figs 2.3 and 2.4) and 
Windellama (Figs 2.2 and 2.8) respectively. The western limb of the 
syncline at Windellama is slightly distorted and truncated by the Bogungra 
Microtonalite. Farther north, the sequence around Neringah dips 
consistently to the north-northwest and this area is interpreted as the west 
limb of the adjacent anticline that has been warped by emplacement of the 
Bogungra Microtonalite (Figs 2.2 and 2.7).
The remainder of the north-south extent of the Tangerang Formation 
is preserved only on the eastern limb of the syncline and dips shallowly to 
steeply west (Fig. 2.10). Bedding data from the Tangerang Formation are 
summarised as stereoplots in Figure 2.12. These data are derived mainly 
from sedimentary rocks and indicate that most small-scale folds plunge 
gently to the north, although rare south-plunging folds have been observed 
at Windellama (Fig. 2.13). These folds occur in a well bedded sequence of 
siltstone and fine-grained quartz sandstone with rare coarse-grained 
interbeds. Folds range from open to tight with wavelengths in the order of 
approximately 2 m to >50 m. Contemporaneous faults have removed fold 
limbs or distorted the folds in some exposures. Mesoscopic folds become 
tighter with proximity to the Yarralaw Fault (Jones et al. 1986), which 
juxtaposes the Tangerang Formation with a sequence of Late Silurian shale 
and limestone.
Reasonably tight folds are also indicated by changes in dip azimuth in 




The structure of the Bungonia Creek area (Fig. 2.5) is complicated by 
faults associated with intrusion of the adjacent body of Carne Dacite 
Member. Marker horizons such as the Devils Pulpit Member have enabled 
delineation of two major east-west transverse faults in this area (Fig. 2.14). 
The southern of these two faults has an apparent dip-slip displacement of 
approximately 280 m and a sinistral strike-slip displacement of 315 m. 
Displacement on the northern transverse fault is much smaller but this area 
is complicated by the development of small-scale, north-plunging folds in the 
tuffaceous sandstone sequence and a broad, box-like fold in the Devils 
Pulpit Member (Fig. 2.14). In the area between these two faults, opposing 
dip directions across the northwest-southeast and nearby north-south 
oriented part of Bungonia Creek has led to the interpretation of two 
additional faults, one a transverse fault and the second parallel to strike.
Faults delineated in the Bungonia Creek area offset the Devils Pulpit 
Member but, despite incomplete outcrop, do not appear to have affected the 
erosional boundary between the tuffaceous sandstone and the overlying 
quartz sandstone sequence (Fig. 2.5). This relationship suggests that 
faulting and associated dacite emplacement (Chapter 6) occurred during, or 
subsequent to, deposition of the tuffaceous sandstone sequence, with 
erosional removal of uplifted areas prior to deposition of the quartz 
sandstone sequence.
Outcrop is generally insufficient, particularly in the sedimentary rocks, 
to substantiate the existence of the majority of transverse and oblique faults 
cutting across the Bungonia Limestone-Tangerang Formation boundary that 
have been proposed by previous workers (Carr et al. 1981; Jones et al. 
1984, 1986). Offset of the Brooklyn Conglomerate Member mapped by 
Jones et al. (1986) has been corroborated, but these faults do not offset the 
margin of the Devils Pulpit Member (Fig. 2.8) and appear to be of limited
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extent. Recent work by Fergusson and Vandenberg (1990) has recognised 
major NNE-trending thrust faults in the Ordovician and Late Silurian rocks 
east of the Tangerang Formation which have resulted in considerable 
sequence repetition. These faults parallel the eastern margin of the 
Tangerang Formation without evidence of offset.
It is entirely possible, given that the Tangerang Formation was 
deposited in an extensional basin subject to large influxes of volcanogenic 
and non-volcanogenic detritus, that faults are a much more important 
phenomenon in this area than is currently recognised. Many of the faults 
proposed by previous workers may in fact exist, but most must be of much 
more limited extent than shown on their published maps. In the absence of 
numerous thin marker horizons these possible faults remain undetectable in 
the Tangerang Formation. In particular, faults parallel to the strike of the 
Tangerang Formation are unlikely to be recognised.
A major syndepositional dextral fault may be inferred in the area 
between Marulan and Brayton (Fig. 2.1) where the Tangerang Formation 
north of Marulan is offset up to 5 km westward (Fig. 2.1). The boundary 
between the Tangerang Formation and the younger Bindook Volcanic 
Complex ignimbrites is, however, unaffected. The exact geographic position 
of this fault cannot be established due to cover by younger rocks.
Above the Tangerang Formation the Bindook Volcanic Complex 
displays clear evidence of contemporaneous faulting and major joint 
development. For example, the regionally extensive Barrallier Ignimbrite is 
characterised by two prominent sets of faults and joints trending 030° and 
135° and a third less obvious set trending 090° (Simpson 1986). Faults 
within the Barrallier Ignimbrite, which is a very thick homogeneous lithology 
that does not include marker beds, are indicated by mylonitised zones, 
calcite vein arrays and pervasive alteration. The emplacement of younger
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plutons of the Marulan Batholith within the Barrallier Ignimbrite has been 
strongly governed by these faults and joints in the volcanic rocks.
The northwest boundary of the Bindook Volcanic Complex between 
Yerranderie and the Wombeyan volcanics (Fig. 1.1) is regarded as a 
contemporaneous arcuate fault, possibly related in part to an episode of 
caldera collapse (Chapter 7.5.2). The fault-controlled western boundary of 
the Wombeyan volcanics, which has a step-like configuration, post-dates the 
Bindook Volcanic Complex as Late Devonian rocks are also offset by these 
faults (Hansen 1979).
Farther north, at Yerranderie, synvolcanic faulting has partly governed 
the distribution of the Yerranderie volcanics, erupted from a small crater in 
this area and mainly preserved in a contemporaneous northeasterly 
trending half-graben structure (Fergusson 1980).
2.2.3 Microstructures
Fine-grained lithologies, such as shale, that are favourable for the 
development of cleavage, are a rare constituent of the Tangerang 
Formation. A weak cleavage has been observed in the quartz sandstone 
association west of Windellama and pressure solution stylolitic surfaces at 
microscopic scale are common in all lithologies.
2.2.4 Other evidence for syndepositional deformation
Soft sediment features that imply syndepositional tectonism, such as 
small- and medium-scale slump folds, convolute lamination, slumps on 
foreset beds, micro- and meso-faults and rare load casts, occur throughout 
the sedimentary component of the Tangerang Formation. Slump folds are 
typically very broad (amplitudes up to 3 m) and small faults truncate fold 
limbs in some outcrops. These soft sediment folds are distinguished from
tectonic folds by the isolation of the folds to discrete beds, or groups of beds, 
which are overlain by undisturbed strata.
2.2.5 Timing of deformation
The timing of deformation of the Tangerang Formation and the major 
deformation of the entire Ordovician-Early Devonian sequence of the 
Wollondilly Basin can be constrained to the Early Devonian. The contact 
between the Late Silurian Bungonia Limestone and the Tangerang 
Formation is conformable, whilst the Early Devonian Marulan Batholith, 
which is comagmatic with at least the younger part of the Bindook Volcanic 
Complex, displays little evidence of deformation (Fergusson and 
Vandenberg 1990). This may reflect the general competence of the massive 
coarser grained lithologies in this area, because lenses of the Came Dacite 
Member and thick ignimbrite units such as the Barrallier Ignimbrite also lack 
mesoscopic evidence of deformation. Evidence that the Barrallier Ignimbrite 
has been deformed, for example, relies on identification of bedding using 
the rarely observed alignment of flattened pumice clasts.
An Early Devonian age for the deformation implies tectonic activity 
concurrent with at least part of the deposition of the Tangerang Formation 
and younger volcanic units of the Bindook Volcanic Complex. Evidence 
supporting tectonic activity includes widespread soft sediment deformation 
and contemporaneous faulting found within the volcanic sequence. 
Contemporaneous relative uplift of the quartzose Ordovician sequence on 
the margins of the Wollondilly Basin during deposition of the Tangerang 
Formation accounts for the abundance of fine-grained quartz sandstone and 
some siltstone clasts throughout the sequence. Further evidence of Early 
Devonian deformation is provided by the unconformable contact between 
the Tangerang Formation and the Barrallier Ignimbrite, involving removal of 
more than 1 km of section in some areas, presumably during a period of
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active tectonism and erosion. Fergusson and Vandenberg (1990) proposed 
that Early Devonian emplacement of plutons of the Marulan Batholith had 
the effect of terminating the deformation in this area.
2.3 DEFINED MEMBERS AND OTHER LITHOLOGIES IN THE TANGERANG 
FORMATION
The major characteristics of the stratigraphic succession of the 
Tangerang Formation shown in Figures 2.2 to 2.11 are outlined as follows 
and described in detail in subsequent chapters.
2.3.1 Brooklyn Conglomerate Member
The Brooklyn Conglomerate Member was formally defined by Jones 
et al. (1986) but previously described by Hall (1981) and Jones et al. (1984). 
It crops out at the base of the Tangerang Formation over a strike length of
1.5 km in the Bogungra Creek area (Fig. 2.8) and directly overlies deformed 
Late Ordovician turbidite rocks (Jones et al. 1986). The Brooklyn 
Conglomerate Member is offset by a fault south of Bogungra Creek and 
attains a maximum thickness of 60 m (Jones et al. 1986). It consists of poorly 
bedded quartzose conglomerate interbedded with pebbly to coarse-grained 
quartz sandstone, containing scattered shallow marine fossils. The Brooklyn 
Conglomerate Member is described in more detail as part of the quartz 
sandstone association in Chapter 3.
2.3.2 Windellama Limestone Member
The Windellama Limestone Member crops out in the southernmost 
part of the Tangerang Formation at Windellama. Jones et al. (1986) 
correlated three small, isolated pods of limestone between Jacqua and 
Bogungra Creeks (Figs 2.6 and 2.8) with the middle part of the Windellama 
Limestone Member at Windellama on the basis of similar lithologies and
conodont assemblages. It is now apparent that only two of these 
occurrences are direct stratigraphic equivalents of the Windellama 
Limestone Member. The third one overlies the Devils Pulpit Member in 
Jacqua Creek (Fig. 2.6) and may be an allochthonous block derived from 
the underlying limestone sequence.
The Windellama Limestone Member was first described in detail by 
Mawson (1975), although previous workers such as Woolnough (1909), 
Came and Jones (1919) and Pickett and Huleatt (1971) had attempted to 
determine its age. Mawson (1975) described three main units within the 
limestone sequence, which is at least 283 m thick and is partly covered by 
Cainozoic sediments. The basal portion of the sequence is fine-grained 
poorly bedded limestone which Mawson (1975) noted as dolomitised, 
containing abundant algae and stromatoporoids. This passes up into well 
bedded fossiliferous limestone yielding Lochkovian conodonts amongst a 
diverse range of other faunas (Mawson 1975) and has been classified as 
fossiliferous pelmicrite by Hall (1981) and Jones et al. (1984). The upper 
portion of the Windellama Limestone Member is massive fossiliferous micrite 
(Jones et al. 1984), containing fewer fossils than the underlying sequence 
(Mawson 1975). Clastic interbeds have been noted by Jones et al. (1984) at 
the top of the limestone pod in Jacqua Creek (Fig. 2.6) and thin fine-grained 
sandstone and siltstone beds also occur in the upper part of the main 
limestone occurrence at Windellama and the limestone lens in Bogungra 
Creek (Fig. 2.8).
The Windellama Limestone Member was examined by Jones et al. 
(1984) and, on the basis of correlation between the main limestone outcrops 
around Windellama and the isolated pods farther north, it was defined as a 
member of the Tangerang Formation. The Windellama Limestone Member 
was deposited during a period of low clastic input in water depths of less 
than 50 m (Jones et al. 1984).
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Previous work, particularly by Mawson (1975) has covered the 
geology and palaeontology of the Windellama Limestone Member in 
sufficient detail and further mapping has not been attempted as part of this 
thesis.
2.3.3 Quartzose sedimentary rocks of the Tangerang Formation
Quartzose sedimentary rocks occur throughout the stratigraphic 
succession and form the major group of lithologies south of Bungonia 
(Figs 2.2, 2.11). These rocks are described in Chapter 3, together with 
volcanogenic sedimentary rocks, as a basis for palaeogeographic 
reconstruction of the entire sequence. A variety of marine and non-marine 
facies has been recognised within the quartzose sedimentary rocks but 
generally poor exposure of these rocks has prevented definition of 
mappable members. The various facies are instead collectively termed the 
quartz sandstone association.
Thickness estimates for the quartz sandstone association are 
hampered by poor outcrop, resulting in an incomplete understanding of the 
degree of folding of these rocks. The quartz sandstone association is 
thickest south of Bungonia where a cumulative thickness in excess of 
1000 m has been established (Fig. 2.11).
The oldest facies within the quartz sandstone association, which is 
also the oldest lithology recognised in the Tangerang Formation, occurs in 
the southwest corner (Fig. 2.8) and consists of thinly bedded quartz 
sandstone, siltstone and rare coarse-grained massive and poorly sorted 
beds up to 80 cm thick. The southeastern margin of the Tangerang 
Formation is dominated by fossiliferous shallow marine siltstone and minor 
fine-grained quartz sandstone, in addition to the Windellama Limestone 
Member and the Brooklyn Conglomerate Member.
The remainder of the quartz sandstone facies above the Devils Pulpit 
Member consists of massive to bedded fine- to medium-grained and minor 
coarse-grained sandstone. Fossils are conspicuous in the southern 
exposures near the base of the Tangerang Formation but do not occur in 
quartz sandstone above this stratigraphic level. The quartz sandstone 
association is, therefore, only clearly marine in the southern part of the 
Tangerang Formation below the Devils Pulpit Member. Possible 
depositional environments for the quartz sandstone association overlying 
the Devils Pulpit Member are considered in Chapter 3.
2.3.4 Tuffaceous sedimentary rocks of the Tangerang Formation
Reworked contemporaneous volcanic detritus constitutes a large 
component of the Tangerang Formation in the form of tuffaceous sandstone 
and minor very fine-grained vitric-rich rocks. The term "tuffaceous 
sandstone" is used in this thesis for rocks of contemporaneous volcanic 
provenance that display clear evidence of reworking; in particular, sorting 
and removal of fine-grained matrix material. Four facies, three of which are 
spatially closely associated, compose the tuffaceous sandstone association.
The tuffaceous sandstone association is best exposed between 
Marulan South and Bungonia, where approximately 700 m of tuffaceous 
sandstone, containing rare shallow marine fossils, encloses the Devils Pulpit 
Member (Figs 2.2 and 2.5). Shallow marine tuffaceous sedimentary rocks 
also occur in a narrow band south of Jacqua Creek (Fig. 2.6) in the southern 
part of the Tangerang Formation. This band has been mapped previously by 
Flail (1981) and Jones et al. (1984, 1986) as part of the Aloes Tuff Member, 
on the basis that tuffaceous sandstone is interbedded with finely laminated 
vitric-rich deposits. Remapping of this area indicates that the tuffaceous 
rocks in the Jacqua Creek area are lower in the stratigraphy than the 
remainder of the Aloes Tuff Member as defined by Flail (1981), which crops
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out in the Lumley Park area (Chapter 2.3.6). In addition, tuffaceous 
sandstone beds south of Jacqua closely resemble those in the Marulan 
South to Bungonia area in composition and outcrop characteristics.
A variety of facies, comprising fossiliferous massive to well-bedded 
sandstone sequences as well as fine-grained vitric-rich rocks, has been 
recognised in the area between Marulan South and Jacqua. A major interval 
of non-fossiliferous tuffaceous sandstone occurs higher in the stratigraphy 
as an apron around the Kerillon Tuff Member at Lumley Park (Fig. 2.6).
Areas in which sandstone contains approximately equal proportions 
of tuffaceous and quartzose material are termed mixed facies. Mixed 
tuffaceous and quartzose sandstone occurs above the Devils Pulpit Member 
in the Jacqua-Bogungra Creek and Neringah areas (Figs 2.6, 2.7 and 2.8) 
and are described as part of the facies delineated within the tuffaceous 
sandstone association in Chapter 3.2.
2.3.5 Devils Pulpit Member
The newly defined Devils Pulpit Member consists of shallow marine 
volcaniclastic rocks, composed mainly of explosively fragmented detritus. 
The name is taken from a prominent outcrop in Bungonia Creek, known as 
the Devils Pulpit (G.R. Bungonia 741446).
The Devils Pulpit Member can be traced for 8.5 km from Marulan 
South to Carne (Figs 2.2 and 2.5), and as a second occurrence of similar, 
although generally more reworked, volcaniclastic rocks that can be traced 
for 21.5 km at the same stratigraphic level between Brisbane Meadows and 
Windellama (Figs 2.5 and 2.8). The member defines a large-scale synclinal 
structure in the Windellama area (Fig. 2.8), whilst a third poorly exposed 
occurrence in the Neringah area (Fig. 2.7) forms part of the adjacent 
anticline which has been truncated by intrusion of the Bogungra 
Microtonalite.
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The Devils Pulpit Member has a cumulative maximum thickness of 
approximately 200 m and a maximum exposed thickness of 100 m in the 
northern lens and 180 m in the southern lens. It consists mainly of volcanic 
breccia and coarse-grained crystal-rich and fine-grained crystal-poor 
volcanic sandstone. Fragments of shallow marine fossils occur throughout. 
The member can be subdivided into four mappable units in the northern 
exposures and similar lithologies have been recognised in individual 
outcrops in the south. The four units within the northern lens are:
(i) basal bimodal tuffaceous sandstone;
(ii) volcanic breccia;
(iii) graded volcanic sandstone; and
(iv) volcanic breccia overlain by graded volcanic sandstone.
The type section, 100 m thick, is located in the northern lens of the 
Devils Pulpit Member (Bungonia Creek, G.R. Bungonia 732426 to 731427). 
Three of the four units are represented here and the fourth is only well 
exposed at one locality (Frome Hill, G.R. Caoura 268461).
The Devils Pulpit Member, and in particular the better exposed 
northern portion, provides an excellent basis for examining the character of 
fragmental silicic volcanic rocks in a shallow marine environment 
(Chapter 4).
2.3.6 Kerillon Tuff Member
The Kerillon Tuff Member is a newly recognised sequence of 
subaerial volcaniclastic rocks described in detail in Chapter 5. It has not 
been described previously, although Gould (1966) and Jones et al. (1984) 
noted the occurrence of subaerial fragmental volcanic rocks near the top of 
the Tangerang Formation in the Marulan South area. Exposure of the 
member is largely restricted to the Big Hill, Tangerang Creek and Lumley
Park areas (Figs 2.2 and 2.3) and the three areas have been correlated on 
stratigraphic and lithological grounds.
The Kerillon Tuff Member is best exposed in the area around 
Tangerang Creek (Fig. 2.5) and is named after Kerillon Creek in the same 
area. The type section is the north branch of Tangerang Creek (Fig. 2.5, G.R. 
Caoura 266500 to 261499) where the unit is 365 m thick and has been 
subdivided into two units. The older unit, consisting mainly of fine-grained 
volcaniclastic rocks, is restricted to the Tangerang Creek area and to 
isolated pods enclosed by quartz sandstone farther south. The younger unit, 
consisting of a thick sequence of mainly coarser grained volcaniclastic 
rocks, has been identified over the length of the Kerillon Tuff Member 
between the Tarlo River (Fig. 2.4) and Lumley Park (Fig. 2.6). The character 
and volcanology of both units of the Kerillon Tuff Member are discussed 
individually in Chapter 5.
The thickest portion of the Kerillon Tuff Member occurs in the Big Hill 
area (Fig. 2.4), where up to approximately 2000 m of volcaniclastic rocks 
are ponded in an inferred topographic depression. The Kerillon Tuff Member 
also occurs as small relict pods enclosed in quartz sandstone and the Came 
Dacite Member in the Brisbane Meadows area (Fig. 2.5), and as a thick, 
discontinuous sequence at Lumley Park (Fig. 2.6).
In the Tangerang Creek area the rocks directly beneath the Kerillon 
Tuff Member consist of fossiliferous tuffaceous sandstone overlain by a thick 
succession of thinly bedded, vitric-rich deposits, which constitute the top of 
the tuffaceous sandstone association in this area. Elsewhere, the base of the 
Kerillon Tuff Member overlies either quartz sandstone at Lumley Park 
(Fig. 2.6) or is intruded by the Marulan Batholith at Big Hill (Fig. 2.3). The 
Kerillon Tuff Member is overlain either conformably by the Kerrawarra Dacite 
Member or unconformably by the Barrallier Ignimbrite.
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The Lumley Park exposures of the Kerillon Tuff Member (Fig. 2.6) 
were originally mapped by Hall (1981) and Jones et al. (1984) as part of 
the Aloes Tuff Member, together with shallow marine tuffaceous sedimentary 
rocks at Jacqua, much lower in the stratigraphic succession (Chapter 2.3.4). 
Mapping reported in this thesis, however, indicates that no basis exists for 
these two occurrences to be grouped together and the name Aloes Tuff 
Member has therefore been dropped.
2.3.7 Kerrawarra Dacite Member
The Kerrawarra Dacite Member is a newly defined sequence of thick, 
massive to flow banded and locally autobrecciated dacite and minor 
discontinuous intervals of volcaniclastic rocks. It overlies the Kerillon Tuff 
Member with a slight erosional contact between the Tarlo River (Fig. 2.3) 
and Tangerang Creek (Fig. 2.5). Previously, these rocks have been 
included as part of an undifferentiated sequence of ignimbrite in the Big Hill 
area (Erickson 1986) and as part of the Carne Dacite Member in the 
Tangerang Creek area (Jones et al. 1984).
The major exposure of the Kerrawarra Dacite Member is at Big Hill 
where it occupies the core of a syncline (Fig. 2.10, Sections 1 and 2). 
Elsewhere, the Kerrawarra Dacite Member occurs as thin, discontinuous 
pods in the Joaramin Ignimbrite at Brayton (Fig. 2.3), at the base of this 
ignimbrite west of Marulan and as a remnant overlying the Kerillon Tuff 
Member that is covered by the Barrallier Ignimbrite in the Tangerang Creek 
area (Fig. 2.5).
The member is named after "Kerrawarra" property close to the type 
section in Wattle Creek near Big Hill (Fig. 2.4, G.R. Canyonleigh 275755 to 
255741). Massive to flow banded dacite in the lower part of this section is 
overlain by two lenses of shale and feldspathic sandstone, interbedded with, 
and overlain by, more massive to flow banded dacite.
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With an original extent of at least 35 km and a thickness in excess of 
500 m the Kerrawarra Dacite Member falls into a group of enigmatic rocks 
which have dimensions typical of ignimbrites but develop textures typical of 
lava flows. Arguments for an effusive or explosive origin of the Kerrawarra 
Dacite Member are presented in Chapter 6.
2.3.8 Carne Dacite Member
The Carne Dacite Member was defined by Jones et al. (1984) as a 
member of the Tangerang Formation comprising 14 mappable dacite lenses 
that occurred throughout the stratigraphic succession. Some of the dacite 
occurrences in the Bungonia area have also been described by Kantsler 
(1973), Moore (1975), Carr et al. (1981) and Jones et al. (1986). The Carne 
Dacite Member of Jones et al. (1984) was interpreted as a series of dacitic 
lava flows, some of which were emplaced in a marine environment. 
Evidence presented for this included enclosure of some flows by marine 
sediments, interdigitation of flows with these sediments and one outcrop 
displaying apparent pillow structures. Jones et al. (1984) found no evidence 
for marine extrusion of the dacite lenses that occur in the Marulan area but 
several of these lenses have been re-defined as part of the Kerrawarra 
Dacite Member.
The results of mapping presented in this thesis indicate that there are 
12 mappable dacite bodies and numerous smaller pods in the area between 
Lumley Park and Big Hill (Figs 2.2 and 2.3). Individual dacite occurrences 
range from 10 m2 to a maximum of 3.2 km2 in the Big Hill area. Many of the 
dacite bodies are grossly concordant with the enclosing rocks although local 
cross-cutting relationships have been observed.
The Carne Dacite Member has been subdivided into lower, middle 
and upper groups corresponding to their stratigraphic position in the 
Tangerang Formation (Figs 2.4, 2.5 and 2.6). Apart from stratigraphic
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position, the groups are distinguished on the basis of whole rock 
compositions and phenocryst abundance.The three groups are described in 





DEPOSITIONAL ENVIRONMENTS OF SEDIMENTARY FACIES IN
THE TANGERANG FORMATION
3.1 INTRODUCTION
Many studies of volcaniclastic rocks, particularly those deposited in 
marine environments, concentrate on primary volcanic and slightly reworked 
facies but overlook facies relationships displayed by associated sedimentary 
rocks. Emplacement of ignimbrites, lavas and debris flows are geologically 
instantaneous events and hence it is the associated sedimentary rocks that 
indicate changes in the depositional environment that are crucial to 
understanding the palaeogeography of an area.
Sedimentary rocks are a volumetrically major component of the 
Tangerang Formation south of Marulan (Fig 3.1). The area north of Marulan 
preserves only the Kerillon Tuff Member and Kerrawarra Dacite Member, 
both of which contain negligible intercalated sedimentary rocks. Thin 
intervals of sedimentary strata within these two members are described in 
Chapters 5.3.2 and 6.3.1 respectively.
The sedimentary rocks of the Tangerang Formation are characterised 
by rapid facies changes and, at best, individual beds or distinctive sets of 
beds can rarely be traced farther than one kilometre. Two major associations 
of sedimentary rocks, however, have been delineated on the basis of 
composition, with further division into facies on the basis of sedimentary 
features and stratigraphic and/or spatial distribution of lithologies. The first 
association has a quartzose composition and includes fine- to coarse­
grained sandstone, siltstone and minor conglomerate, shale and limestone. 
The second association is composed predominantly of silicic, fragmental
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volcanic detritus and consists of tuffaceous, massive to well bedded 
sandstone and minor siltstone.
This chapter documents the character of facies comprising the two 
associations of sedimentary rocks in the Tangerang Formation and 
proposes depositional environments for each facies. Generally poor 
exposure of the sedimentary sequences has prevented detailed facies 
mapping, but documentation of broad depositional environments provides a 
basis for examination of the overall palaeogeography for this part of the 
Wollondilly Basin. Major features of the facies delineated within the two 
associations are summarised in Tables 3.1 and 3.2 and relevant 
palaeocurrent and modal data are tabulated in Appendices 1 and 2 
respectively.
3.2 THE QUARTZ SANDSTONE ASSOCIATION
The quartz sandstone association is developed mainly in the area 
south of Bungonia (Figs 2.2, 3.1). In situ outcrop is scarce over much of this 
area but five broad facies have been recognised. These comprise:
1. Thinly bedded siltstone and quartz sandstone with minor coarse­
grained and pebbly interbeds. This facies is restricted to the 
southwest corner of the Tangerang Formation (siltstone-pebbly 
sandstone on Figure 3.1).
2. Fossiliferous siltstone-limestone that includes minor quartz 
sandstone and occurs below the Devils Pulpit Member along the 
southeast margin of the Tangerang Formation, south of Reevesdale 
(Fig. 3.1).
3. The Brooklyn Conglomerate Member which is a discontinuous lens 
near Bogungra Creek (Fig. 3.1) on the southeast margin of the 
Tangerang Formation.
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4. Non-fossiliferous fine- to coarse-grained quartz sandstone and 
minor shale overlying the Devils Pulpit Member (Fig. 2.2). This facies 
thins northwards and at its northern limit at Marulan South is 
interbedded with the basal part of the Kerillon Tuff Member. In 
Figure 3.1 this facies is shown as two parts: lower and upper quartz 
sandstone.
5. Finely laminated shale which is closely associated with the upper 
quartz sandstone at Lumley Park (Fig. 3.1) and at the northern limit of 
the quartz sandstone.
Quartz and sedimentary lithic fragments are the major components of 
all terrigenous rocks of the quartz sandstone association. Modal results, 
based on 26 samples ranging from fine-grained to pebbly sandstone, are 
presented diagrammatically in Figures 3.2a, 3.3a and 3.3b and tabulated in 
Appendix 2. These samples plot as litharenite or sublitharenite (Fig. 3.2a), 
but because the lithic component is largely of sedimentary origin the rocks 
can be termed sedarenite and subsedarenite using the classification 
scheme of Folk et al. (1970) (Fig. 3.3a).
Quartz occurs mainly as monocrystalline, subangular to rounded 
detrital grains, with common quartz overgrowths. Polycrystalline quartz 
grains, ranging from subgrain to completely recrystallised aggregates, 
comprise up to 6% of the rock and are designated as part of the lithic 
component. Other lithic types include chert, fine-grained quartz sandstone, 
siltstone, shale, sericitic sandstone, vein quartz and very rare fine-grained 
volcanic fragments. Sericitised grains are an important component in some 
samples. These grains may be replaced phyllitic fragments although rare 
partial replacement textures indicate that some of the sericitised grains were 
originally vein quartz and chert. Feldspar has not been recognised in any 
quartz sandstone association samples.
Provenance of the quartz sandstone association is almost entirely 
sedimentary as indicated by the abundance of detrital subangular to 
rounded quartz and sedimentary lithic fragments. The abundant chert, fine­
grained quartz sandstone, siltstone and shale fragments are compatible with 
derivation of most of the, detritus from Ordovician quartz-rich turbidites on the 
margins of the Wollondilly Basin. Vein quartz, a conspicuous constituent in 
some samples, is likely to have been derived from older granitic bodies or 
the Ordovician rocks.
3.2.1 Siltstone and fine-grained to pebbly sandstone: proximal 
turbidite facies.
Facies Character: This facies occurs at the base of the Tangerang 
Formation and is exposed only along the southwestern margin, adjacent to 
the Yarralaw Fault (Fig. 3.1). It consists of fine- to very coarse-grained and 
locally pebbly sandstone that is interbedded with thin intervals of laminated 
siltstone. The facies is particularly well exposed in road cuttings west of 
Windellama and a representative 8 m logged section in one of these 
cuttings is shown in Figures 3.4 and 3.5a.
The bulk of the facies in the logged section and elsewhere in the 
southwest part of the Tangerang Formation consists of interbedded siltstone 
and medium- to fine-grained graded and non-graded sandstone beds. 
Thicker, non-sorted beds of very coarse-grained and pebbly sandstone are 
sporadically developed, particularly in the area of the logged section.
Intervals of medium- to fine-grained sandstone and siltstone are 
rarely thicker than 20 cm. Sandstone beds range from normally graded to 
non-graded and some grade from massive medium-grained sandstone into 
thinly laminated fine-grained sandstone. The majority of beds are laterally 
continuous, maintaining a uniform thickness over the height of the road 
cutting exposure (approximately 10 m), but some siltstone and fine-grained
sandstone beds lens out over several metres (Fig. 3.5b). Sandstone beds 
are typically sharp and planar although slight erosion has been observed at 
the base of some beds.
The very coarse-grained to pebbly massive beds (Fig. 3.5c) are up to 
80 cm thick. These beds are unsorted and contain abundant angular to 
rounded lithic fragments set in a fine- to medium-grained sandstone matrix. 
The lithic fraction may be coarse-tail reverse graded and is composed 
largely of platy siltstone clasts, up to 30 cm long, and fewer chert and fine­
grained quartz sandstone fragments. Bed bases vary from planar to deeply 
scoured; one such bed removing 26 cm of the underlying fine- to medium­
grained sandstone. Bed tops are typically sharp but two massive beds in the 
section grade into medium- or fine-grained sandstone.
Elsewhere in the southwestern part of the Tangerang Formation the 
thinly bedded succession of siltstone and sandstone is also punctuated by 
the occurrence of massive pebbly sandstone beds up to 2 m thick. The 
proportion of pebbly beds increases towards the north, and one locality in 
the western part of Jacqua Creek contains scattered marine fossil fragments. 
The proportion of massive, coarse-grained to pebbly beds also increases 
towards the top of this facies. In the western part of Windellama Creek, 
stratigraphically below the measured section in Figure 3.4, coarser grained 
material is absent and the facies consists entirely of thinly bedded fine- to 
medium-grained sandstone and siltstone.
Facies Interpretation: The sequence of thinly bedded siltstone and 
sandstone interspersed with thicker, coarser grained beds is interpreted as a 
proximal turbidite deposit. The thinly bedded deposits include sandstone 
beds which are graded and non-graded, massive and laminated and are 
interpreted as thin turbidite beds derived from well sorted quartzose shelf 
sands. Most of the sandstone beds have Bouma divisions A and B but the
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rippled C division is conspicuously rare. This may reflect either poorly 
expanded high particle concentration turbidity currents, or maintenance of 
high flow regime conditions during deposition of these beds in a proximal 
area (Walker 1984a; Cas and Wright 1987). The sandstone beds are 
interstratified with thin beds of laminated siltstone representing typical 
deeper marine sedimentation, equivalent to Bouma divisions D and E 
(Walker 1984a).
The thicker, very coarse-grained to pebbly sandstone beds have 
many characteristics of coarse-grained mass-flow deposits, including 
reverse and normal graded divisions, poor sorting, sharp to locally scoured 
bed bases and angular to rounded clasts in a sandy matrix. The normally 
graded beds are interpreted as pebbly sandstone turbidite deposits (Walker 
1984a), while the massive and/or reverse graded beds are interpreted as 
grain dominant debris-flow deposits (Lowe 1979; Cas and Wright 1987). The 
abundance of Bouma divisions A and B in the turbidite deposits and the 
inte rstratified debris-flow deposits, suggest a proximal sequence.
The absence of traction features, such as cross-bedding and ripple 
lamination, combined with the scarcity of shallow marine fossil fragments 
and the prevalence of graded beds interspersed with non-graded beds, 
indicates that these deposits were emplaced below wave base. The poorly 
developed turbidite stratigraphy, however, may indicate relatively shallow 
water (<200 m), although these deposits are likely to represent the deepest 
water sequence found in the Tangerang Formation. The paucity of channel 
features in the turbidite sequence and the intercalation of thinly bedded 
turbidite and coarse-grained mass-flow deposits, suggest deposition on a 
submarine apron, rather than a submarine fan system (Galloway and 
Hobday 1983). The quartzose material was probably derived from slumping 
of shallow marine shelf sediments down the shelf slope.
The proximal turbidite facies precedes commencement of volcanic 
activity and represents the oldest definable unit in the Tangerang Formation. 
Its age is unknown but on lithological grounds it may be a facies equivalent 
of Late Silurian turbidite deposits found in parts of either the Bungonia 
Limestone on the eastern margin of the Tangerang Formation or the 
Wollondilly beds and equivalents, west of Bungonia (Chapter 8.3).
3.2.2 The Brooklyn Conglomerate Member: fan delta 
conglomerate facies.
Facies Character: The Brooklyn Conglomerate Member consists of 
conglomerate and associated quartz-rich sandstone. It is restricted to the 
Bogungra Creek area in the southeastern part of the Tangerang Formation 
where it occurs as a lens 1.5 km long unconformably overlying Ordovician 
turbidite deposits (Fig. 2.8). Clasts in the Brooklyn Conglomerate Member 
range from angular to rounded to platy in habit and consist mainly of 
siltstone, shale and fine-grained quartz sandstone.
The basal part of the Brooklyn Conglomerate Member consists of 
poorly sorted, generally closely packed clasts that are angular to rounded in 
shape and are up to 60 cm in diameter (Hall 1981), set in a quartz 
sandstone matrix (Fig. 3.5d). The conglomerate is diffusely bedded and 
normal grading has been observed in some individual beds. Interbedded, 
normally graded and cross-bedded pebbly and coarse-grained sandstone 
horizons increase in abundance and thickness up sequence. Clasts within 
pebbly sandstone and conglomerate beds near the top of the Brooklyn 
Conglomerate Member range up to 20 cm in diameter and the average 
roundness is slightly higher than in the basal exposures. The Brooklyn 
Conglomerate Member grades up into a sequence of coarse- to fine-grained 
graded beds up to 1 m thick. A shallow marine depositional environment is
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indicated for the Brooklyn Conglomerate Member by rare included coral and 
crinoid fragments (Jones et al. 1986) and bryozoans.
Facies Interpretation: Previous workers (Hall 1981; Jones et al. 1984, 
1986), proposed that the Brooklyn Conglomerate Member is a shallow 
marine fan delta deposit composed of Ordovician detritus eroded from the 
eastern margin of the Wollondilly Basin. Evidence presented for this 
interpretation included the restricted extent of the Brooklyn Conglomerate 
Member, the included shallow marine faunas and the composition of clast 
lithologies. The poorly sorted, relatively angular clasts found near the base 
of the Brooklyn Conglomerate Member were attributed to cliff collapse at the 
shoreline during a period of marine transgression over the graben margin by 
Jones et al. (1984). Cross-bed measurements from interbedded coarse­
grained sandstone, derived by previous workers and in this study, indicate 
transport of material towards the northeast (Fig. 3.6, Plot J) forming an onlap 
sequence (Jones et al. 1984). Graded quartz sandstone beds, up to 1 m 
thick, which overlie the Brooklyn Conglomerate Member are interpreted as 
shallow marine mass-flow beds derived from the fan delta.
3.2.3 Siltstone-limestone: low energy shallow marine shelf 
facies.
Facies Character: The siltstone-limestone facies occurs in the southern 
part of the Tangerang Formation below the Devils Pulpit Member. It overlies 
and occurs laterally to the north and south of the Brooklyn Conglomerate 
Member (Fig. 3.1). Adjacent to the eastern margin of the Tangerang 
Formation, the facies consists of siltstone and limestone of the Windellama 
Limestone Member which passes upwards and northwards into sandier 
lithologies. The major area of limestone development is at Windellama, but 
three smaller pods occur between Bogungra and Jacqua Creeks (Figs 2.6
and 2.8). Farther west, the fades consists of siltstone and fine-grained quartz 
sandstone which overlie the proximal turbidite facies (Fig. 2.8).
With the exception of the Windellama Limestone Member, exposure 
of this facies is very poor. The Windellama Limestone Member has been 
mapped in detail by Mawson (1975, 1986) and no further work has been 
attempted in this thesis. The three units described within the Windellama 
Limestone Member by Mawson (1975) and Jones et al. (1984) consist of a 
lower fossiliferous dolomitic limestone, overlain by well-bedded more 
silicified pelmicrite and biopelmicrite, and then by massive micritic 
limestone. Thin interbedded fine-grained sandstone beds occur at the top of 
the limestone sequence at Windellama and have been also recorded in a 
limestone pod at Jacqua Creek (Jones et al. 1984), reflecting an up 
sequence increase in the input of terrigenous material.
Siltstone and fine-grained quartz sandstone contain localised in situ 
shallow marine faunas, restricted to thin horizons within the poorly bedded 
sequence (Fig. 3.5e). The three localities containing shallow marine age- 
diagnostic fossils described by Hall (1981) and Jones et al. (1986) occur 
within siltstone of this facies. The proportion of quartz sandstone increases 
up sequence and this lithology becomes coarser grained towards the base 
of the Devils Pulpit Member. The top of the siltstone-limestone facies 
consists of fine- to medium-grained, bedded and, in places, cross-bedded 
sandstone of mixed quartzose and tuffaceous provenance. Cross-bedding at 
two localities indicate a palaeocurrent direction toward the west and 
southwest (Fig. 3.6, Plot J).
Facies In terpretation: The prevalence of limestone and siltstone beds in 
this facies, together with the occurrence of in situ shallow marine faunas, 
indicates accumulation of this part of the sequence in a low energy shallow 
marine setting. Jones et al. (1984) proposed a quiet water environment for
38
much of the Windellama Limestone Member on the basis of fine grain size, 
abundance of pelletal material and scarcity of broken shells.
The input of terrigenous detritus was generally very low, particularly in 
the Windellama area. Increased input of clastic material near the top of the 
limestone, however, swamped the carbonate-dominated environment. 
Further influx of mixed quartzose and tuffaceous sand at the top of the facies 
heralded the first major input of juvenile volcanic material (Devils Pulpit 
Member) into this part of the basin.
Variable water depths, ranging up to 50 m, have been documented by 
Jones et al. (1986) during the deposition of the Windellama Limestone 
Member. The shallow marine shelf facies in part overlies the proximal 
turbidite facies, suggesting an overall decrease in water depth during 
deposition of the lower part of the Tangerang Formation.
3.2.4 Fine- to coarse-grained sandstone: quartz shelf and fluvial ' 
sand facies.
Facies Character: The quartz sandstone facies occurs stratigraphically 
above the Devils Pulpit Member. It is unfossiliferous throughout and this, in 
addition to the scarcity of in situ outcrop, has severely limited interpretation 
of the unit. Two broad divisions within the facies have been recognised 
although these cannot be defined accurately in the field. The two divisions 
comprise:
1. A stratigraphically lower subfacies of well sorted uniformly fine- to 
medium-grained quartz sandstone, restricted to the area between 
Reevesdale and Jacqua Creek (Fig. 3.1).
2. An upper subfacies of broadly upward-fining coarse- to fine­
grained quartz sandstone that comprises the remaining area of the 
quartz sandstone facies (Fig. 3.1).
The lower quartz sandstone subfacies overlies the Devils Pulpit 
Member and at its northern and southern extent interfingers with fossiliferous 
tuffaceous sandstone. The quartz sandstone is well-bedded and in places, 
cross-bedded. Bedding lamination ranges from planar to wavy and small- 
scale scour surfaces and slump folds have been observed. The sandstone is 
mature to supermature and consists mainly of very well sorted, subrounded 
to rounded grains of quartz and quartzose sedimentary lithic fragments 
together with a low proportion of cherty or sericitic matrix. The maturity may 
in part be inherited from the well sorted nature of the Ordovician quartzose 
source rocks, rather than reflect depositional processes.
The upper, volumetrically dominant quartz sandstone subfacies 
occurs above fossiliferous shallow marine tuffaceous sedimentary rocks. In 
some areas, much of the underlying tuffaceous sandstone has been 
removed prior to quartz sandstone deposition. The upper quartz sandstone 
thins southwards and northwards from the Jacqua Creek area (Fig. 3.1) and 
at its northern limit interfingers with the base of the Kerillon Tuff Member.
The upper quartz sandstone subfacies contains a high proportion of 
fine- to medium-grained well sorted sandstone (Fig. 3.5f) but also includes 
poorly defined intervals of shale and less well sorted, medium- to coarse­
grained and rare pebbly sandstone. Coarser grained lithologies are 
restricted to the lower part of the subfacies and include subangular to 
rounded clasts of chert, quartz sandstone, vein quartz and composite quartz. 
Platy shale intraclasts are also locally significant. These coarser grained 
rocks contain a mixture of rounded and angular grains, a textural inversion 
reflecting derivation from an older sedimentary source area (Folk 1974). 
Finer grained samples from the upper quartz sandstone subfacies are 
indistinguishable from lower subfacies samples.
In several better exposed areas, the base of the upper quartz 
sandstone subfacies is composed of a series of upward-fining intervals,
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grading from coarse- to fine-grained sandstone or, in some outcrops, to 
shale. Shale is at least locally important in the upper subfacies, but can 
rarely be traced far laterally and the overall proportion of shale is difficult to 
evaluate. Where exposed, shale is typically very weathered and large areas 
of no outcrop may represent weathered shale.
The top of the upper quartz sandstone subfacies is dominated by well 
sorted fine- to medium-grained sandstone and locally interbedded shale. 
Rare siderite nodules (Fig. 3.5g) and patches are present in several 
exposures in this part of the sequence. Truncation of zones within the 
siderite by impingement with adjacent quartz grains indicates in situ 
dissolution.
A 32 m thick continuous exposure of the upper quartz sandstone 
south of Tangerang Creek has enabled a stratigraphy to be delineated for 
the sequence (Fig. 3.7) that is intercalated with the base of the Kerillon Tuff 
Member (Figs 2.5 and 3.1). In this area the upper quartz sandstone 
subfacies overlies laminated shale (Chapter 3.2.5) and consists of a series 
of coarse- to medium-grained fining upward sequences up to 7 m thick. 
Each fining upward interval is characterised by a scoured base, scattered 
shale intraclasts, diffuse lamination and medium-scale cross-bedding. 
Despite removal of parts of the underlying sequence by erosion, mixing 
between the upper quartz sandstone subfacies and detritus from the Kerillon 
Tuff Member or other underlying lithologies is minimal. Near the top of the 
quartz sandstone succession in this area, a discontinuous lens of 
conglomerate contains large rounded tuff clasts, but between Tangerang 
Creek and Lumley Park the upper quartz sandstone subfacies encloses 
small areas of Kerillon Tuff Member rocks without significant mixing.
The upper quartz sandstone subfacies differs from the lower 
subfacies in several respects. The upper subfacies sandstone displays a 
wider range in grain size and degree of sorting and is generally less well-
bedded than sandstone in the lower subfacies. Shale intervals have not 
been recognised in the lower subfacies but appear to be important in the 
upper subfacies. At least part of the upper subfacies contains graded beds, a 
feature not observed in the lower subfacies.
Facies Interpretation: The lower quartz sandstone subfacies between 
Reevesdale and Jacqua Creek is interpreted as a shallow marine deposit on 
the basis of its occurrence at the same stratigraphic level as fossiliferous 
shallow marine tuffaceous sandstone in Jacqua Creek. Reworking of 
nearshore quartz sands during a marine transgression by prevailing tide­
generated currents is favoured for producing the well-bedded and cross- 
bedded mature quartz sandstone that is similar in character to the shallow 
marine tuffaceous well-bedded sandstone facies (Chapter 3.3.2).
The upper quartz sandstone subfacies was deposited following a 
substantial period of subaerial erosion of the marine sequence that, in 
places, removed a large thickness of the underlying tuffaceous sandstone. 
The range of lithologies within the upper quartz sandstone subfacies 
includes well sorted, fine- to medium-grained sandstone, coarse-grained 
sandstone, graded sandstone beds and shale intervals. The abundance of 
shale within the upper subfacies, in addition to the presence of upward 
fining cross-bedded intervals and scattered shale intraclasts favour a fluvial 
depositional environment for a large portion of this sequence. The presence 
of isolated siderite concretions in several outcrops suggests that at least 
locally, swamp or brackish nearshore lagoonal environments (cf. Leeder 
1982) may have occurred.
Separation of the limited palaeocurrent data available into the two 
quartz sandstone subfacies indicates a major palaeocurrent direction 
towards the east-northeast for the lower, probable marine, subfacies (Fig. 
3.6, Plot K). This direction is broadly consistent with results obtained from the
better exposed well-bedded tuffaceous sandstone facies (Chapter 3.3.2). 
Palaeocurrent data for the upper subfacies were collected at only two 
localities but both indicate current directions towards the southeast (Fig. 3.6 
Plot L), consistent with fluvial transport of sand from the western margin of 
the Wollondilly Basin. ,
3.2.5 Laminated shale: lacustrine facies.
Facies Character: Laminated shale occurs as a mappable lens south of 
Lumley Park and as a thin band at the base of the upper quartz sandstone 
subfacies north of Bungonia. It is best exposed, however, in the basal 10 m 
of the measured section south of Tangerang Creek (Fig. 3.7). Planar to wavy 
laminations and rare ripple lamination in the shale are 1 to 5 mm apart. 
Several beds of massive, medium-grained to pebbly quartz sandstone, up to
2.5 m thick, occur within the laminated shale sequence. The thickest of 
these beds is non-graded and unsorted and contains abundant subangular 
siltstone clasts up to 4 cm in diameter.
Facies Interpretation: The depositional environment of the laminated 
shale occurrences south of Lumley Park and, to a lesser extent, at the base 
of the northern part of the upper quartz sandstone subfacies, cannot be 
ascertained confidently due to poor outcrop. The fine laminations, rare ripple 
lamination, proximity to exposures of subaerial volcanics and the absence of 
bioturbation, however, suggest that the most likely environment is lacustrine. 
The thin, medium- to coarse-grained sandstone beds and the thicker pebbly 
sandstone beds that occur within the measured section south of Tangerang 
Creek (Fig. 3.7) are interpreted as lacustrine grain-flow and mass-flow 
deposits respectively.
3.3 THE TUFFACEOUS SANDSTONE ASSOCIATION
Tuffaceous sedimentary rocks throughout the Tangerang Formation 
can be broadly divided into fossiliferous and non-fossiliferous occurrences. 
Three closely associated but distinct facies have been recognised within the 
fossiliferous group, and the non-fossiliferous rocks as a whole constitute the 
fourth facies delineated within the tuffaceous sandstone association.
Tuffaceous sandstone containing scattered shallow marine fossils is 
developed mainly between Marulan South and Reevesdale, where it is 
approximately 700 m thick. Shallow marine tuffaceous sedimentary rocks 
also occur between Jacqua Creek and Windellama and as a wedge 
adjacent to the Bogungra Microtonalite south of Neringah (Fig. 3.1). The 
three facies recognised in all these occurrences are:
1. Massive to graded beds of coarse- to medium-grained tuffaceous 
sandstone that range in thickness from <10 cm to >10 m.
2. Well-bedded and cross-bedded, mainly medium-grained 
tuffaceous sandstone.
3. Thinly laminated crystal-vitric siltstone, occurring either in intervals 
up to 80 m thick or associated with thin beds of massive tuffaceous 
sandstone of facies 1.
These three facies are interstratified and occur throughout the shallow 
marine stratigraphic succession, although the crystal-vitric siltstone of 
facies 3 is best developed at the top. Close facies relationships are 
illustrated by the common occurrence of thick, massive tuffaceous sandstone 
beds (facies 1) within the well-bedded sandstone sequence (facies 2) and 
crystal-vitric siltstone laminae (facies 3) at the top of many thin graded beds 
(facies 1).
The fourth facies occurs towards the top of the Tangerang Formation 
and is restricted to a wedge of non-fossiliferous coarse-grained to pebbly 
sandstone that extends north of Neringah to the Lumley Park area (Fig. 3.1).
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These rocks occur to the north and south of the Kerillon Tuff Member at 
Lumley Park (Fig. 2.6) and are in part interbedded with the pyroclastic 
rocks.
Tuffaceous sandstone in the Tangerang Formation consists of quartz, 
feldspar, volcanic and minor sedimentary lithic fragments and chloritised 
matrix. Textures in many samples of the tuffaceous sandstone have been 
partially obscured by chlorite, carbonate, iron oxide and seria te  
replacement. A total of 54 modal analyses of tuffaceous sandstone from the 
various facies are shown diagrammatically in Figures 3.2 and 3.3 and tabled 
in Appendix 2.
The majority of samples from the tuffaceous sandstone association 
range from feldsarenite to feldspathic litharenite (Folk et al. 1970). Samples 
from all facies within the tuffaceous sandstone association are characterised 
by a similar range of components; differences arise as a result of variations 
in proportions of components and the degree of sorting.
Quartz ranges from angular in massive sandstone samples to 
subrounded in well-bedded sandstone samples and occurs as embayed 
monocrystalline grains of volcanic origin. Many quartz grains, including 
embayed quartz, display weak to strong undulose extinction or fracturing, 
resulting from post-depositional strain associated with regional deformation. 
Feldspars occur as equant to lath-like grains up to 4 mm long that are 
typically extensively replaced by carbonate or sericite. Where relatively fresh 
the dominant feldspar is plagioclase, in some grains retaining a faint zoning.
Lithic fragments are mostly volcanic in origin and include fragments of 
ash-sized material and fresh to altered silicic volcanic rocks. Some samples, 
however, contain numerous quartz sandstone or composite quartz grains, 
probably derived from Ordovician quartz turbidite deposits. Chert fragments 
are important in many samples and may have been derived either from chert 
in the Ordovician sequence or from groundmass material of
contemporaneous volcanic rocks. Many of the lithic fragments interpreted as 
altered former volcanic glass (Appendix 2) are completely replaced by 
chlorite, epidote or actinolite but some retain original textures such as relict 
glass shard forms and phenocryst outlines.
Matrix and pore infills total >5% in most samples and are generally 
higher in massive sandstone samples compared with well-bedded 
sandstone (Appendix 2). In rocks consisting largely of tuffaceous detritus, a 
proportion of relict glass shards or pumiceous material may be expected, but 
in the majority of samples the degree of alteration is such that no clear 
evidence of former glassy components is retained.
3.3.1 Massive to graded tuffaceous sandstone : mass-flow facies 
Facies Character: Discontinuous horizons of massive to graded 
tuffaceous sandstone occur at several levels in the Tangerang Formation 
with major occurrences as follows:
1. Below the Devils Pulpit Member, at the base of the Tangerang 
Formation between Marulan South and Reevesdale.
2. Immediately overlying the northern lens of the Devils Pulpit 
Member and within the well-bedded sandstone sequence.
3. Immediately overlying the Devils Pulpit Member in the Jacqua 
Creek area.
4. Interbedded with crystal-vitric siltstone at the top of the shallow 
marine sequence of tuffaceous sandstone, best exposed between 
Marulan South and Jacqua Creek.
1. Tuffaceous sandstone occurs at the base of the Tangerang Formation 
between Marulan South and Reevesdale (Fig. 3.1). It is very poorly 
exposed but consists of at least 75 m of graded coarse- to fine-grained 
tuffaceous sandstone which overlies the Bungonia Limestone. Fossils are 
scarce, suggesting complete inundation of the underlying Bungonia
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Limestone by rapid influxes of tuffaceous sand. The fine-grained top of this 
facies is overlain by, and in places interbedded with, the base of the Devils 
Pulpit Member.
The tuffaceous sandstone is massive to diffusely bedded and in most 
areas of exposure the continuous grading suggests the existence of a single 
thick sedimentation unit. Evidence for breaks in the deposition of the facies 
are restricted to a single thin occurrence of medium-scale cross-bedding at 
Came (Fig. 3.1), indicating minor tractional reworking.
The base of this facies consists mainly of coarse-grained sandstone 
but at Marulan South it is marked by a localised 5 m thick pebbly sandstone 
to conglomerate bed. The diffusely bedded matrix-supported conglomerate 
and pebbly sandstone contain up to 50% of angular to rounded clasts and 
grade upwards into diffusely bedded coarse-grained tuffaceous sandstone. 
Clasts within the conglomerate, the largest of which are 5 cm in diameter, 
consist of fine-grained quartz sandstone, siltstone and chert and are most 
likely to be derived from uplifted Ordovician rocks. The matrix of the 
conglomerate-pebbly sandstone is indistinguishable from the massive 
medium-grained tuffaceous sandstone elsewhere.
2. Massive to graded beds of coarse- to medium-grained immature 
tuffaceous sandstone immediately overlie parts of the Devils Pulpit Member 
between Marulan South and Carne and occur elsewhere throughout the 
Tangerang Formation within predominantly well-bedded sandstone. The 
majority of these beds are between 0.5 m and approximately 10 m thick, 
although thinner massive tuffaceous sandstone beds overlie parts of the 
Devils Pulpit Member. Lower and upper bounding surfaces of the massive 
tuffaceous sandstone are rarely exposed, but where observed, bases are 
relatively sharp, as distinct from the upper part of the bed which grades into 
well-bedded sandstone.
At Frome Hill (Fig. 3.1) the Devils Pulpit Member is overlain by 
approximately 15 m of coarse-grained bedded sandstone which is 
succeeded by a series of thin massive to graded beds of coarse-grained 
sandstone with silty tops. This thinly bedded sequence displays evidence of 
hummocky cross-stratification (HCS) in the form of scattered swales and 
hummocks (Fig. 3.8a) and fines upwards into diffusely bedded and well 
sorted silty sandstone.
The massive tuffaceous sandstone beds are typically poorly sorted 
and some contain scattered randomly oriented, mainly volcanic, lithic 
fragments up to 10 cm in diameter (Fig. 3.8b) or have lithic-rich bases. Fossil 
fragments are scarce and are restricted to lithic-rich parts of beds. Massive 
tuffaceous sandstone beds in Jacqua Creek, up to 10 m thick (Fig. 3.9, at 
the base of the logged sections), are characterised by reverse graded 
vesicular clasts which are interpreted as chloritised fragments of pumice.
Modally, the majority of massive tuffaceous sandstone samples are 
either feldsarenite or lithic feldsarenite (Fig 3.2b). These rocks are 
characterised by volcanic lithic fragments (Fig. 3.3a) and >10% fine­
grained, chloritised matrix. They are immature rocks characterised by a large 
matrix content, poor sorting and angularity of grains (Fig. 3.8c).
3. In the Jacqua Creek area a 50 m thick interval of massive to graded 
tuffaceous sandstone beds occurs between the Devils Pulpit Member and 
the base of the measured sections shown in Figure 3.9. Similar graded 
beds also overlie the Devils Pulpit Member in the western part of the 
Neringah area, close to the Yarralaw Fault (Fig. 3.1).
In Jacqua Creek, massive poorly sorted coarse- to medium-grained 
tuffaceous sandstone beds up to 2 m thick pass up into a sequence of 
thinner (maximum thickness of 1 m) massive to graded beds of moderately 
sorted, fine- to medium-grained sandstone, each capped with up to 5 cm of
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siltstone (Fig. 3.8d). The beds range from massive to diffusely laminated and 
contain rare shale fragments at the base and some internal ripple cross­
lamination. Bed bases are commonly broadly scoured and beds pinch out 
laterally over short distances. Discrete intervals of slumping and rare low 
angle cross-bedding suggest high energy conditions and/or deposition on 
moderately steep slopes. The abundance of broad swales and trough cross­
bedding increases up sequence, as does the degree of sorting, but grain 
size and lithic content decrease. Composite beds at the top of the graded 
sequence are up to 2 m thick and contain numerous low angle cross-beds, 
broad swales and low amplitude symmetrical ripples.
The graded beds in the Jacqua Creek area are less affected by the 
pervasive alteration that characterises the tuffaceous sandstones elsewhere 
and fine-grained former glassy components such as glass shards and 
pumice can still be identified (Fig. 3.8e). The Jacqua Creek group of rocks 
ranges from coarse- to fine-grained, becoming finer grained and better 
sorted up sequence. As a group they contain more quartz than the other 
tuffaceous sandstone groups (Fig. 3.2d). Within this group of rocks, the finer 
grained samples near the top of the graded bed sequence contain the 
highest proportion of quartz, probably due to the effects of tractional 
reworking of this part of the sequence.
4. The remaining occurrence of the tuffaceous massive to graded facies is at 
the top of the shallow marine tuffaceous sandstone, best developed in the 
area north of Bungonia but also observed in the Jacqua Creek and 
Neringah areas. At the top of the marine sequence thin medium-grained 
poorly to moderately sorted sandstone beds are interbedded with crystal- 
vitric siltstone laminae (Fig. 3.8f). Sandstone beds range up to 2 m thick, 
although most are between 5 mm and 15 cm. Many sandstone beds are 
massive and normal grading is usually restricted to the upper part of
individual beds. Bed bases range from planar to slightly scoured and flames 
of crystal-vitric siltstone are common at the base of sandstone beds. The 
base of at least one coarse-grained massive bed contains abundant 
siltstone intraclasts ripped up from the top of the underlying graded unit. 
Minor small-scale cross-beds and ripples at the top of graded beds reflect 
either lower particle concentration flows in the upper portion of graded units 
or minor reworking of the top by weak current activity. Crystal-vitric siltstone 
intervals at the top of graded beds range from 1 mm to approximately 20 cm 
in thickness, are planar to wavy laminated and may contain discontinuous 
lenses of sand (Fig. 3.8g). The proportion of these siltstone laminae 
increases towards the top of the marine tuffaceous sandstone sequence and 
merges into the laminated crystal-vitric siltstone facies.
Facies Interpretation: A high particle concentration mass-flow origin for 
the four stratigraphic occurrences of tuffaceous sandstone described above 
is based on the massive character of most beds, the development of normal 
grading in some beds, generally poor sorting, rare randomly oriented lithic 
fragments, load structures and scarcity of fractional features (Lowe 1979, 
1982).
The thin mass-flow beds at the top of the marine tuffaceous sandstone 
sequence indicate periods of very low marine current activity, probably 
reflecting deeper water conditions than those prevailing during deposition of 
the well-bedded facies. Parts of the sequence containing crystal-vitric 
siltstone laminae provide good evidence for a quiet marine setting, because 
such fine-grained material is unlikely to settle out in areas affected by even 
slight current activity. Elsewhere, variations in grain size, sorting and 
tractional structures indicate variable levels of current activity. Thicker mass- 
flow beds deposited within the well-bedded tuffaceous sandstone sequence 
are too thick to be rapidly reworked by the prevailing marine currents.
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Absolute water depths for the mass-flow facies cannot be ascertained, but 
given its close association with the well-bedded tuffaceous sandstone facies 
described below, and the occurrence of minor tractional structures formed by 
reworking of the tops of some mass-flow deposits, water depths in the order 
of 50 to 100 m are considered most likely. Sporadic or continuous basin 
subsidence coupled with rapid infilling of the basin, largely by mass-flow 
deposition, may lead to water depth fluctuations between very shallow and 
moderate levels.
The occurrence of massive and some graded poorly sorted beds, with 
sharp bed bases and scattered randomly oriented, small lithic fragments, is 
compatible with interpretation of these beds as high particle concentration 
turbidity current deposits (Lowe 1979, 1982). The massive tuffaceous 
sandstone beds display features similar to those formed during the 
suspension sedimentation phase of an increasingly unsteady turbidity 
current (Lowe 1982), although water escape structures commonly 
associated with such deposits have not been found.
Walker (1984b) has proposed a model for generating turbidity 
currents on shallow marine shelves, involving liquefaction of sediment in the 
nearshore zone during storm activity and flow of this sediment downslope to 
be deposited below storm wave base as turbidite beds. Evidence for 
generation of the turbidite deposits by storm activity, however, is generally 
lacking in the Tangerang Formation; HCS has been found in only one 
locality and the associated well-bedded tuffaceous sandstone facies 
suggests tidal activity rather than a high energy storm dominated 
environment.
An alternative, more feasible mechanism for generating turbidity 
currents in the Tangerang Formation is related to the high tuffaceous 
sediment input into rivers and deltas feeding into the basin as well as direct 
pyroclastic input. Unstable build-up of immature tuffaceous detritus in the
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nearshore zone is conducive to periodic slumping, triggered by excess load 
or seismic activity, to form shelf turbidity currents in shallow water. Such 
poorly expanded, high particle concentration currents produce turbidite 
deposits characterised by poor sorting and lacking internal laminations, 
fractional structures and Bouma divisions C, D and, in some cases, E. 
Relatively short mass-flow transport distances between the area of 
nearshore sediment build-up and the depositional site favour preservation of 
these characteristics.
The sediment constituting the tuffaceous mass-flow facies in the 
Tangerang Formation consists of a variable mixture of immature tuffaceous 
and very minor amounts of mature Ordovician-derived quartzose detritus. 
Mixing of pyroclastic material with older quartz-rich sand in a fluvial, deltaic 
or nearshore marine environment is envisaged, prior to redeposition by 
mass-flow processes.
The discontinuous sequence of thin tuffaceous sandstone beds 
overlying the Devils Pulpit Member in the Jacqua Creek area are better 
graded and slightly better sorted than beds elsewhere in the mass-flow 
facies. These beds display some internal laminae and rare ripple cross­
lamination and are interpreted as the deposits of shelf turbidity currents with 
a lower particle concentration than elsewhere in the facies. The greater 
abundance of quartz in these rocks compared with other samples of massive 
tuffaceous sandstone indicates greater mixing of volcanic and quartzose 
detritus in rivers, deltas or the nearshore environment, prior to redeposition 
of this mixture in mass flows. The upper part of this sequence, characterised 
by cross-bedding, reflects shallowing of water depths enabling increased 
current reworking. Palaeocurrents in this area (Fig. 3.6, Plot D), are variable 
but show a dominant trend to the west.
Evidence for storm activity is restricted to the Frome Hill area where 
the Devils Pulpit Member is overlain by thick beds of coarse-grained
tuffaceous sandstone reworked under high energy conditions in the 
nearshore zone above fair weather wave base. These deposits pass up into 
a thinly bedded mass-flow sequence, preserving some evidence of HCS. 
Reworking of coarse-grained deltaic sediment or detritus from the Devils 
Pulpit Member in the wave zone is likely to have produced localised offshore 
bars of tuffaceous material. Collapse of these bars by rip currents (Elliot 
1986) during storm activity, or instability due to high sediment input, would 
produce a series of relatively small mass-flows.
3.3.2 Well bedded tuffaceous sandstone: shelf sand facies 
Facies Character: Well-bedded and cross-bedded coarse- to fine-grained 
sandstone is the major constituent of the tuffaceous sandstone sequence 
overlying the Devils Pulpit Member. The facies is best developed in the area 
north of Reevesdale, where it is up to 400 m thick, but is also important in 
the Neringah and, to a lesser extent, in the Jacqua Creek areas (Fig. 3.1).
Bedding planes, typically developed on a 5 mm to 10 cm scale, are 
the most obvious characteristic of the well-bedded tuffaceous sandstone 
facies. Bedding is defined by slight grain size changes and is manifest by 
alternating light and dark beds which reflect the content of chlorite in the 
matrix. Intervals of medium-scale (10 cm to a maximum of 1 m) tabular and 
trough cross-bedding occur throughout the facies (Fig. 3.10a). Stacked 
cross-beds in intervals up to 15 m thick tend to occur in discrete horizons 
within the facies, separated by planar laminated beds. Individual intervals of 
cross-bedded sandstone can rarely be traced further than 100 m along strike 
and over this distance cross-beds tend to be unidirectional although several 
outcrops show bimodal patterns. Reversals in palaeocurrent direction over 
short lateral and vertical distances has also been observed.
The dominant palaeocurrent direction derived from cross-bedding in 
the well-bedded tuffaceous sandstone facies (Fig. 3.6, Plots A, B, C, E and
G) is to the north-northeast, parallel to the basin margin, but in some areas a 
southerly and poorly developed westerly current direction is also evident. 
Plot B, which summarises data collected from a restricted occurrence of finer 
grained, well-bedded sandstone adjacent to the large body of Came Dacite 
Member in Bungonia Creek displays a higher quartz content than usual for 
this facies and a north-northwesterly current trend.
Other features of the well-bedded facies include continuity of bedding, 
diffuse lamination within beds, minor scours and widespread evidence of 
soft sediment deformation such as microfaults, convolute bedding, slump 
folds, rare load structures and slumped cross-bed foresets. At one locality in 
the Neringah area, part of a 5 m deep channel can be traced laterally for 15 
m (Fig. 3.10b). Channel structures, however, are very rare and are usually 
broad and shallow in outline.
Grading has not been detected in the well-bedded facies and shale 
laminae are absent. Fossil fragments, consisting mainly of isolated crinoid 
ossicles, are a rare constituent, as are volcanic and sedimentary lithic 
fragments larger than 2 mm diameter. At the top of the tuffaceous sandstone 
association in the Jacqua Creek area, finely laminated, crystal-vitric siltstone 
is overlain by well-bedded tuffaceous sandstone containing scattered 
pebbly horizons and fossil fragments. Higher energy conditions are 
indicated for this area by abundant unidirectional cross-beds, in places 
overturned by slumping (Fig. 3.10c).
A discontinuous lens of thinly laminated, fine-grained sandstone and 
siltstone, approximately 15 m thick, is developed in the middle of the well- 
bedded tuffaceous sandstone facies between Bungonia Creek and Frome 
Hill. The finer grain size and absence of cross-bedding indicates lower 
current activity, probably reflecting a localised increase in water depth.
Overall, the well-bedded sandstone contains more quartz than the 
massive sandstone, but individual beds vary from very tuffaceous to
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moderately quartz-rich in composition. The well-bedded sandstone facies is 
moderately well sorted (Fig. 3.1 Od), especially in the finer grained beds, 
and displays a wider range in composition than the mass-flow facies. The 
majority of samples plotted in Figure 3.2b are coarse- and medium-grained 
lithic feldsarenite, but the group as a whole encompasses a wide range of 
grain sizes from very fine-grained to pebbly. The finer grained samples 
contain significantly more quartz than the coarser grained lithologies, 
resulting in a wider compositional spread for this group than is indicated in 
Figures 3.2b and 3.3b.
Facies Interpretation: In broad terms, the well-bedded facies is best 
developed north of Reevesdale (Fig. 3.1) between the basal predominantly 
mass-flow deposits (including the Devils Pulpit Member) and a second 
major interval of much thinner mass-flow deposits at the top of the marine 
tuffaceous sandstone succession. Elsewhere, in the Jacqua Creek and 
Neringah areas, massive and well-bedded sandstone occur throughout the 
marine sequence. The close association between the mass-flow facies and 
the well-bedded facies is also indicated by modification of the upper part of 
some massive beds by traction current processes.
The well-bedded tuffaceous sandstone is characterised by planar and 
mostly unidirectional cross-beds, sparsely distributed fossils and an 
absence of grading and shale interbeds. On this basis it is interpreted as 
shallow marine shelf sands, reworked largely by tide-generated currents. 
Tidal reworking of the tuffaceous material is reflected by better sorting, and 
in some areas by higher proportions of quartz, in the well-bedded facies 
compared with the associated massive sandstone beds. Palaeocurrent data 
suggest a through-flowing current moving sediment parallel to the margin of 
the Wollondilly Basin in a predominantly northerly direction, analogous to
the progressive tidal current operating in the North Sea (Johnson and 
Baldwin 1986).
Given the abundance of fine- to medium-grained sandstone in the 
well-bedded facies, an alternative interpretation is that the sequences were 
deposited in a fluvial environment such as a braidplain (Flemming 1988). 
Evidence that argues against this interpretation and in favour of a tidal origin 
includes the volume of sand (Levell 1980), the occurrence of scattered 
marine fossils throughout most of the succession and the scarcity of mud 
layers. The rare channels found in the well-bedded facies are generally 
broad and open with gentle banks rather than incised structures and are 
interpreted as sub-tidal channels.
The abundance of flat beds within the well-bedded facies suggests 
generally weak tidal currents (Jones et al. 1986), although these were strong 
enough to prevent mud deposition (McCave 1985). Development of 
medium-scale cross-beds may be attributed to periods of higher current 
activity.
The preservation of 400 m thickness of shelf sandstone north of 
Reevesdale implies long term subsidence of the Wollondilly Basin (Davis 
and Clifton 1987) resulting from tectonic-isostatic adjustment. Drowning of 
the well-bedded facies as a result of either higher sea levels, or reduced 
sediment supply with continued subsidence, may have enhanced its 
preservation potential (Davis and Clifton 1987).
In the Jacqua Creek area, tidal influences were restricted mainly to 
current modification of mass-flow beds. Tidal shelf sands are well developed 
only at the top of the marine sequence where gravel lags, including 
abundant shallow marine fossil material, and slumped to overturned 
unidirectional cross-beds indicate shallower water and stronger tidal 
currents than occurred elsewhere in the sequence. In the Neringah area, 
cross-bedded shelf sandstone is best developed immediately overlying the
5 6
Devils Pulpit Member, although evidence of local current reworking of some 
mass-flow deposits has been found higher in the sequence.
Studies of modern tide-dominated shelf areas and ancient 
successions interpreted as tidal sand deposits, have outlined several 
characteristic features, (Klein 1975; Stride et al. 1982; Walker 1984b; 
Johnson and Baldwin 1986). These include abundant medium- to large- 
scale cross-bedding, negligible mud except as thin drapes, basal lag gravel 
and good sorting. Cross-bedding is typically unidirectional in individual 
outcrops but rare sets of herringbone cross-stratification, indicating localised 
current reversals, have also been documented (Klein 1975; Sellwood 1975; 
Levell 1980). Many of these features occur in the well-bedded facies in the 
Tangerang Formation, although no mud drapes were recorded on foreset 
beds and gravel lag deposits have been found only in the higher energy 
beds in the Jacqua Creek area.
Many features of the well-bedded facies are similar to those 
described on modern shelves affected by strong oceanic currents, such as 
the Agulhas Current off the southeast coast of Africa (Flemming 1980). It has 
been recently noted (Flemming 1988) that these non-tidal deposits may be 
indistinguishable from tidal deposits. In the African example, dunes were 
typically 1 to 8 m high and one dune was 17 m high (Flemming 1980). 
Similar deposits in the rock record could be expected to preserve a 
proportion of very large cross-beds, a feature not observed in the Tangerang 
Formation.
A variety of sedimentary features may be developed on tidal sand 
sheets including transverse structures such as sand ripples, sand patches 
and sand waves, and longitudinal structures such as sand ribbons and sand 
ridges ( Belderson et al. 1982; Walker 1984b; McCave 1985; Johnson and 
Baldwin 1986). Interpretation of cross-bedded intervals in the well-bedded 
facies is hampered by lack of continuous exposure although some cross-
bedded intervals can be traced at least 100 m parallel to current direction. 
Sand ribbons, which are characteristic of high current velocities, consist of 
long ribbons of sand with intervening gravel, a feature not found in the well- 
bedded facies. Sand patches and ripples occur at the opposite end of the 
velocity spectrum and may be expected to be closely associated with muddy 
facies. Linear sand ridges and sand waves are both preserved in the rock 
record as large- to medium-scale cross-beds with or without clay drapes or 
gravel lenses (Bridges 1982; Galloway and Hobday 1983; Walker 1984b).
On the basis of patchy outcrop in the well-bedded facies, clear 
distinction between sand ridges and sand waves is not possible. However, 
the occurrence of sets of moderately high angle cross-beds within an 
essentially flat-bedded, fine- to medium-grained sandstone sequence is 
consistent with location of the well-bedded facies in the area of small sand 
wave to rippled sand sheet development, given a high sand supply 
(Belderson et al. 1982; Stride et al. 1982).
Many of the marine shelf environments described in the literature 
(e.g., the modern North Sea and the Early Cretaceous Lower Greensand), 
occur in areas subject to normal siliciclastic sedimentation, or in the case of 
modern environments, reworking of older sediment deposited prior to the 
Holocene transgression (Galloway and Hobday 1983; Walker 1984b; 
Johnson and Baldwin 1986). The well-bedded tuffaceous sandstone facies 
in the Tangerang Formation, however, is the result of reworking of material 
derived largely from subaerial pyroclastic eruptions, with consequent 
periodic influxes of immature sands from rivers draining large volcaniclastic 
aprons. Movement of this material onto the shelf by high particle 
concentration mass flows provided a large volume of detritus available for 
reworking. Such mass flows may occur either from water-engulfed 
pyroclastic flows entering the sea, slumps from the lobes of deltas during 
flood periods, or storm-generated movement of sand from the shoreface
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(Ballance 1988). A combination of these processes is envisaged to have 
contributed detritus to the shallow marine tuffaceous sandstone, although 
the rarity of recognised HCS suggests that the first two processes may have 
dominated.
In view of a large and probably periodic influx of tuffaceous sand, 
deviation from the available siliciclastic tide-dominated shelf depositional 
models is likely, because shelf evolution under the influence of high rates of 
coarse sand input is poorly understood (McCave 1985).
3.3.3 Laminated crystal-vitrlc siltstone: water-lain facies.
Facies Character: The laminated crystal-vitric siltstone facies is 
composed predominantly of fine-grained (<2 mm) crystal fragments of 
quartz and feldspar and relict glass shards (Fig. 3.10e). The facies mainly 
occurs at the top of the shallow marine tuffaceous sandstone sequence but 
thin laminae of crystal-vitric siltstone have also been noted at the top of thin 
massive sandstone beds lower in the sequence, above the Devils Pulpit 
Member.
The crystal-vitric siltstone facies is best developed in the Tangerang 
Creek and Jacqua Creek areas, where it occurs as lensoidal intervals 
between 10 and 200 m thick near the top of the marine sedimentary 
succession. In the area between these two occurrences, the facies is 
represented at the same stratigraphic level as thin laminae intercalated with 
thin beds of massive tuffaceous sandstone (Figs 3.8f and 3.8g). These 
laminae, described in Chapter 3.3.1, are up to 20 cm thick and increase 
dramatically in abundance towards the top of the sandstone sequence. 
Crystal-vitric siltstone occurs at the top of continuously graded thin 
sandstone beds but more commonly the siltstone forms discrete laminae 
within medium-grained non-graded tuffaceous sandstone (Fig. 3.1 Of).
The thin laminae of crystal-vitric siltstone at the top of the marine 
sedimentary sequence are petrographically similar to the two thicker 
intervals preserved at the same stratigraphic level. A third major lens of 
crystal-vitric siltstone occurs in the Neringah area (Fig. 2.7). The 
stratigraphic relationship between this lens and other occurrences is unclear 
although its close association with non-fossiliferous tuffaceous sandstone 
that extends south of Lumley Park suggests that it may be younger than the 
other siltstone lenses.
The siltstone in all areas varies from crystal-rich, lacking recognisable 
relict shards to beds which contain abundant shard fragments (Fig. 3.1 Oe). 
Interbedded lenses of fine- to medium-grained tuffaceous sandstone, as 
shown in Figure 3.10f, are common. In detail, the crystal-vitric siltstone is 
moderately to well sorted, consisting of alternating relatively crystal-rich and 
crystal-poor beds with grain size less than 0.1 mm. Small angular quartz and 
feldspar fragments and wispy vesicular chlorite lenses interpreted as 
pumice, are set in a cryptocrystalline matrix of devitrified fine ash-sized 
material.
The thick sequences of crystal-vitric siltstone in the Tangerang Creek, 
Jacqua Creek and Neringah areas are volumetrically the major examples of 
this facies and are described below.
1. Tangerang Creek: Approximately 200 m of crystal-vitric siltstone is well 
exposed in the northern branch of Tangerang Creek and is shown in the 
measured section in Figure 3.11. The sequence coarsens upwards towards 
the base of the Kerillon Tuff Member as the upper part contains several thin, 
interbeds of coarser grained volcaniclastic material. The base of the crystal- 
vitric siltstone sequence overlies fossiliferous medium-grained tuffaceous 
sandstone which has been intruded by a lens of the Carne Dacite Member. 
Fossils have not been found above this tuffaceous sandstone which grades
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into laminated crystal-vitric siltstone over a 1.5 m exposure at the base of the 
measured section (Fig. 3.11).
At the base of Figure 3.11 thinly laminated crystal-vitric siltstone 
occurs in beds ranging from 2 mm to 1 cm in thickness. At outcrop scale the 
laminations are planar and continuous (Fig. 3.12a), although in detail some 
beds display wavy and lensoidal lamination and minor development of small 
scours. Individual beds are well sorted with sharp basal contacts and sharp 
to diffuse tops. Many individual beds are normally graded with relatively 
crystal-rich bases and crystal-poor tops but non-graded beds also occur. 
Chloritic flecks, interpreted as tiny pumice shreds, are most abundant in the 
upper parts of beds. Pervasive silicification of much of the sequence in 
Tangerang Creek has obliterated evidence of glass shards.
Approximately 30 m above the base of the measured section the 
sequence includes several relatively massive beds, up to 1 m thick, 
containing abundant accretionary lapilli. In one such bed the accretionary 
lapilli are extremely flattened and plastically deformed but unbroken 
(Fig. 3.12b), suggesting rapid ash accumulation and compaction in a wet 
environment. Individual lapilli are up to 5 cm in length but retain the 
concentric banding characteristic of accretionary lapilli.
The middle of the measured section is characterised by wavy and 
convoluted beds, cross-lamination, scours and minor burrowing in addition 
to massive and planar laminated intervals. Lower and upper bed contacts 
are more diffuse than lower in the sequence and normal grading is not 
obvious. The rocks in the middle of the crystal-vitric siltstone sequence 
closely resemble the siltstone laminae that occur near the top of the marine 
tuffaceous sandstone association south of the Tangerang Creek area and in 
the Jacqua Creek area.
Thin beds, up to 5 m thick, of coarse-grained crystal-poor 
volcaniclastic detritus or medium-grained tuffaceous sandstone interrupt the
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crystal-vitric siltstone sequence in the upper half of the measured section. 
The sandstone beds are massive and non-graded, consisting of poorly 
sorted quartz, feldspar and subangular to subrounded lithic fragments up to 
3 cm in diameter.
2. Jacqua Creek: Two intervals of crystal-vitric siltstone occur within the well 
exposed sequence of tuffaceous sandstone in Jacqua Creek (Fig. 3.9). 
Rare fossil fragments occur in both siltstone and sandstone beds. Massive, 
vitriclast-bearing tuffaceous sandstone at the base of the section is abruptly 
overlain by a broadly upward coarsening sequence, approximately 65 m 
thick, consisting of crystal-vitric siltstone which passes up into medium­
grained tuffaceous sandstone, fining over the top few metres. Laminations in 
the crystal-vitric siltstone are finely spaced and continuous near the base of 
this interval but become less regular higher in the sequence (Fig. 3.12c) 
Small-scale asymmetrical ripples, minor scours and load structures are also 
developed. Beds of fine-grained massive tuffaceous sandstone up to 3 cm 
thick are interspersed within the siltstone.
A second interval of laminated crystal-vitric siltstone, 30 m thick, 
occurs in the upper half of the Jacqua Creek measured section (Fig. 3.9). 
This interval is finer grained than the lower siltstone occurrence, but displays 
evidence of gentle reworking throughout. Laminae in the siltstone are planar 
to wavy, low angle cross-lamination is common and the top of the siltstone is 
extensively convoluted. Discontinuous lenses of fine-grained tuffaceous 
sandstone, up to 10 cm thick, are common in parts of this siltstone interval 
(Fig. 3.12d).
South of Jacqua Creek, the sequence is increasingly dominated by 
laminated crystal-vitric siltstone, with relatively few exposures of interbedded 
tuffaceous sandstone. These rocks cannot be traced continuously south of
Bogungra Creek but similar laminated siltstone occurs in two discontinuous 
lenses in this area (Fig. 2.8).
3. Nerinaah: A lens of finely laminated crystal-vitric siltstone with a maximum 
thickness of 80 m occurs within a sequence of thickly and thinly bedded 
tuffaceous sandstone in the Neringah area (Fig. 2.7). The siltstone and the 
immediately surrounding sandstone sequence are unfossiliferous. The 
Neringah lens of siltstone, lithologically most similar to the upper siltstone 
interval in Jacqua Creek, is rippled throughout and contains abundant slump 
structures, soft sediment folds and discontinuous sandy lenses. The 
proportion of sand-sized material increases towards the top of the siltstone 
lens.
Facies Interpretation: Features such as ripples, grading and soft 
sediment slumping in both the individual crystal-vitric siltstone laminae 
within tuffaceous sandstone and the three substantially thicker siltstone 
intervals, indicate that these deposits are water-lain pyroclastic material 
subjected to reworking by weak currents. However, with the exception of the 
Jacqua Creek intervals, which contain shallow marine fossils, evidence is 
lacking to distinguish the remaining siltstone occurrences as shallow marine 
or lacustrine. The crystal-vitric siltstone in Tangerang Creek overlies shallow 
marine sandstone but also includes accretionary lapilli horizons which may 
indicate very shallow water to emergent conditions.
Discussion of the origin of the pyroclastic material and depositional 
processes involved in forming the crystal-vitric siltstone is hampered by the 
lack of documented examples of water settled, fine-grained pyroclastic 
detritus, other than co-ignimbrite ash found in deep sea cores which is not 
relevant to this discussion. Two possibilities for the formation of the crystal- 
vitric siltstone that need to be considered are;
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1. Direct input of fine-grained detritus into the shallow marine or 
lacustrine environment by pyroclastic fall processes.
2. Resedimentation of fine-grained pyroclastic material carried by 
rivers from the hinterland and deposited in prograding deltas at the 
shoreline of the sea or lake.
A significant input of material by direct pyroclastic fall into water is 
precluded on the basis of the large thickness and overall volume of material 
in these deposits. There are no documented examples of eruptions of large 
enough magnitude or sustained for long enough to produce deposits of fine­
grained material up to 200 m thick by pyroclastic fall processes alone.
A more realistic scenario is that fine-grained pyroclastic material 
comprising the crystal-vitric siltstone represents resedimented ash derived 
from a voluminous ash source on the basin margin, such as non-welded 
ignimbrite or phreatomagmatic deposits. Prodelta deposits of ash would 
have built up adjacent to mouths of rivers draining into either the sea or lake. 
The large thickness, rapid lateral thinning and coarsening upward profiles of 
the crystal-vitric siltstone occurrences in Tangerang Creek, Jacqua Creek 
and at Neringah suggest a lensoidal geometry that is consistent with a 
deltaic origin. Associated thin sandstone beds, which in many cases are 
discontinuous, are interpreted as being redeposited from the delta lobes or 
mouth bars. The thicker beds of coarser grained detritus that occur in the 
upper half of the crystal-vitric siltstone in Tangerang Creek are interpreted as 
high particle concentration mass-flow deposits.
Thin laminae of crystal-vitric siltstone that are interbedded with 
tuffaceous sandstone in the areas between the major siltstone lenses are 
interpreted as material carried in suspension and redeposited by currents. In 
some cases these laminae form the upper part of graded sandstone beds 
representing small mass-flow packets of sediment. The majority of siltstone 
laminae, however, are interbedded with non-graded massive sandstone.
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These occurrences may represent deposition of sediment from different 
parts of the delta or may reflect a lack of the complete grain size range 
necessary to produce a clearly defined graded bed.
Evidence for gentle current reworking of the crystal-vitric siltstone 
includes widespread ripple cross-lamination as well as the variable crystal 
content of the laminae that may result from winnowing of very fine particles. 
Bioturbation is only evident in the Tangerang Creek exposures but evidence 
for post-depositional disturbance of the sediment by slumping is common. 
Palaeocurrent data from crystal-vitric siltstone in Jacqua Creek (Fig. 3.6, 
Plot F) indicate a major southerly trend, in contrast to the dominant 
northeasterly trend in the well-bedded sandstone facies. The siltstone lens 
at Neringah displays mainly easterly directed ripples (Fig. 3.6, Plot H).
Since evidence of source volcanoes is not preserved in this part of 
the Tangerang Formation, clues as to the nature of the fine-grained 
pyroclastic material in the crystal-vitric siltstone may be gained from 
examination of a modern volcanic environment such as the North Island of 
New Zealand. The 20000 year old Wairakei or Oruanui Formation (Self and 
Sparks 1978; Self 1983) consists of widespread phreatomagmatic 
deposits of rhyolitic composition that originated from a vent near Lake 
Taupo. The deposits comprise fine-grained non-welded ignimbrite and ash- 
fall tuff that originally covered most of the North Island and have been 
correlated with ash layers in deep sea cores up to 800 km from source 
(Self 1983). Self (1983) envisaged that all drainages away from Lake 
Taupo at the time of the eruption were choked with fine-grained pyroclastic 
detritus which has subsequently been redistributed by rivers and wind. A 
similar large magnitude eruption on the margin of the Wollondilly Basin 
would have fed large volumes of mainly fine-grained detritus into rivers that 
built deltas out into either a shallow marine or lacustrine setting, forming the 
thick crystal-vitric siltstone occurrences in the Tangerang Formation.
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3.3.4 Coarse-grained to pebbly tuffaceous sandstone: high 
energy fluvial facies.
Facies Character: Non-fossiliferous pebbly sandstone grading outwards 
into coarse- and medium-grained tuffaceous sandstone forms an apron of 
reworked material to the north and south of the Kerillon Tuff Member 
pyroclastic rocks at Lumley Park (Fig. 3.1). These sedimentary aprons were 
formed, probably in response to uplift associated with dacite emplacement at 
Lumley Park, subsequent to the removal of a large amount of the Kerillon 
Tuff Member between Marulan South and Lumley Park (Chapter 6.2.5).
At Lumley Park, the Kerillon Tuff Member is overlain by diffusely 
bedded coarse-grained tuffaceous sandstone containing abundant pebbly 
horizons (Fig. 3.12e). Outcrop in this area is poor, consisting largely of scree 
boulders, but in situ pebbly beds in excess of 1 m thick exist. The available 
outcrop suggests the presence of thick graded intervals of poorly sorted 
pebbly to coarse-grained sandstone characterised by diffuse parallel 
bedding lamination, alignment of pebbles and very rare low angle cross­
beds in some outcrops. Discontinuous beds of finely laminated crystal-poor 
siltstone, up to 1 cm thick, have also been noted in these rocks.
The coarse-grained to pebbly sandstone is poorly sorted, contains a 
large amount of fine-grained matrix and is texturally immature. Modal data 
(Fig. 3.2c) display a wide range from feldsarenite to litharenite (Fig. 3.12f). 
In some areas the lithic fraction is dominated by angular dacitic clasts up to 
10 cm in diameter but other pebbly sandstone outcrops contain abundant 
rounded clasts almost entirely derived from the underlying quartz sandstone 
or fine-grained parts of the Kerillon Tuff Member
The clastic apron to the north of Lumley Park is partly covered by a 
large area of Tertiary basalt (Fig. 2.6). North of the basalt, the tuffaceous 
sandstone is mainly coarse- to medium-grained and generally well-bedded. 
Beds range from <1 cm up to at least 1 m thick and individual cross-beds are
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between 0.5 m and 1 m thick. In thinly bedded sequences, individual beds 
are lensoidal. Low angle scour surfaces and wavy bedding laminations are 
common throughout this sequence. The top of this sequence is finer grained, 
well sorted and relatively quartz-rich.
A similar sequence of bedded coarse- to medium-grained tuffaceous 
sandstone occurs in the Neringah area as part of the southern clastic apron, 
which is separated from the Lumley Park pyroclastic rocks by a younger 
granodiorite intrusion. Thick coarse-grained poorly sorted beds alternate 
with intervals of finer grained thinly bedded tuffaceous sandstone. In places 
these rocks are cross-bedded and scour surfaces are common. Thin 
discontinuous bands of fine-grained siltstone occur within the tuffaceous 
sandstone sequence.
Facies Interpretation: The scarcity of in situ outcrop in the area around 
Lumley Park precludes detailed interpretation of the depositional 
environment. Some of the coarse-grained deposits are reworked lateral 
equivalents of the Kerillon Tuff Member, indicated by inclusion of weakly 
reworked Kerillon Tuff Member horizons and clasts. Dacitic lava clasts found 
in parts of the sandstone sequence may have been derived from either parts 
of the Came Dacite Member or from lithic fragments in the Kerillon Tuff 
Member.
The diffusely laminated pebbly sandstone overlying the pyroclastic 
sequence at Lumley Park favours an alluvial fan setting eroding detritus from 
an uplifted area associated with dacite emplacement. Thick pebbly 
sandstone beds may represent channelised gravelly hyperconcentrated 
flood deposits (Smith 1986) on the fan surface. The thinly bedded 
sequences of coarse-grained poorly sorted sandstone are also interpreted 
as hyperconcentrated flood flow deposits (Smith 1986, 1988), resulting from 
localised, short-lived flooding (Tunbridge 1981). Discontinuous intervals of
fine-grained vitric-rich siltstone, which are planar to wavy laminated, are 
interpreted as water-lain deposits of fine-grained ash-fall material 
remobilised during flooding. Regardless of the actual processes involved, 
the presence of thick coarse-grained tuffaceous sandstone beds in this area 
indicates rapid reworking of the Kerillon Tuff Member and some reworking of 
older lithologies such as the underlying quartz sandstone.
The well-bedded tuffaceous sandstone sequences in the northern 
and southern clastic aprons are superficially similar to the shallow marine 
well-bedded tuffaceous sandstone found lower in the sequence. The 
tuffaceous sandstone in the Lumley Park area, however, is unfossiliferous 
and not as well sorted as tuffaceous sandstone in the marine sequence. It 
also contains a larger proportion of siltstone interbeds and larger clasts than 
the shallow marine well bedded sequence. These factors together with the 
lithological similarities to, and gradual fining away from, pebbly sandstones 
in the Lumley Park area suggest that a fluvial environment is also the most 
likely setting for these rocks.
In view of the scarcity of outcrop, palaeocurrent measurements from 
these rocks are sparse. The dominant palaeocurrent trend in the clastic 
apron north of Lumley Park is to the northeast but elsewhere no consistent 
trend emerges (Fig. 3.6, Plot I).
3.4 SUMMARY OF DEPOSITIONAL ENVIRONMENTS IN THE TANGERANG 
FORMATION DEDUCED FROM THE SEDIMENTARY RECORD.
The palaeogeography of the Tangerang Formation is described in 
detail in Chapter 8 but it is appropriate to summarise depositional 
environments deduced from the sedimentary record here, as a prelude to 
discussion of the emplacement of the Devils Pulpit and Kerillon Tuff 
Members
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1. Depositional environments below the Devils Pulpit Member: The Devils 
Pulpit Member, in the area north of Reevesdale, is underlain by 75 m of 
graded tuffaceous sandstone that conformably overlies the shallow marine 
Bungonia Limestone. Precise estimates of water depths in the interval 
leading up to the emplacement of the Devils Pulpit Member cannot be made 
but, the conformable relationship with the underlying Bungonia Limestone 
and the presence of 0.5 m thick cross-beds at Came, suggest maintenance 
of shallow marine conditions.
A shallow marine environment can be more confidently established in 
the area south of Reevesdale where the Devils Pulpit Member is underlain 
by up to 500 m of siltstone, limestone and quartz sandstone comprising the 
low energy shallow marine shelf facies. The Brooklyn Conglomerate 
Member at the base of this sequence has been interpreted as a shallow 
marine fan delta deposit on the basis of its lensoidal geometry, marine 
fossils and included cross-bedded intervals. Water depths of <50 m were 
proposed by Jones et al. (1984) for the Windellama Limestone Member. 
Maintenance of shallow marine conditions throughout is indicated by in situ 
fossils in siltstone and limestone and medium-scale cross-bedding in the 
quartz sandstone immediately below the Devils Pulpit Member. Only in the 
western part of the Tangerang Formation are probable deeper water 
turbidite deposits preserved below the shallow marine shelf siltstone and 
sandstone that underlie the Devils Pulpit Member.
2. Depositional environments above the Devils Pulpit Member: The Devils 
Pulpit Member, north of Reevesdale, is overlain by the fossiliferous shallow 
marine facies of the tuffaceous sandstone association. Volcanic detritus 
delivered into the basin by mass-flow processes was preserved as massive 
tuffaceous sandstone beds up to 10 m thick and as thinner massive to 
graded beds of sandstone and crystal-vitric siltstone. Most of the tuffaceous
sediment, however, has been reworked by predominantly northerly-directed 
tidal-generated currents to form a thick sequence of well-bedded or cross- 
bedded, moderately well sorted sandstone. Cross-beds within this sequence 
are mainly between 0.5 m and 1 m thick, suggesting reworking of the 
sediment in relatively shallow water (Allen 1968). Thin beds of crystal-vitric 
siltstone increase in abundance towards the top of the tuffaceous sandstone 
sequence. In Tangerang Creek the Kerillon Tuff Member is underlain by a 
thick lensoidal wedge of siltstone and minor tuffaceous sandstone that is 
interpreted as a deltaic deposit of fine-grained pyroclastic detritus deposited 
in either a lacustrine or shallow marine environment.
South of Reevesdale, the Devils Pulpit member is partly overlain by 
quartz sandstone interpreted as shallow marine shelf deposits and around 
Jacqua, by a series of thin massive to graded tuffaceous sandstone beds 
interpreted as low particle concentration shelf turbidite beds. The upper part 
of this sequence of graded beds is cross-bedded, indicating an increased 
degree of reworking in shallow water. Two upward coarsening sequences 
from crystal-vitric siltstone to tuffaceous sandstone constitute the top of the 
marine sequence above the Devils Pulpit Member at Jacqua. These 
sequences, which have a lensoidal geometry and contain scattered marine 
fossils are interpreted as part of a delta prograding into quiet shallow water. 
Higher energy marine current activity was reinstated at the top of this 
sequence to produce coarse-grained fossiliferous and cross-bedded 
sandstone.
The occurrence of approximately 200 m of volcaniclastic rocks of the 
Devils Pulpit Member within a very thick shallow marine succession implies 
maintenance of water depths, achieved by contemporaneous basin 
subsidence keeping pace with sedimentation. It is possible, but not 
demonstrable, that emplacement of the Devils Pulpit Member coincided with 
a phase of slight deepening of the basin and was subsequently filled to a
shallow level by the volcaniclastic rocks. The Devils Pulpit Member displays 
no evidence of tractional reworking but the top of the succession includes a 
wedge of mass-flow and cross-laminated sandstone.
3. Depositional environments below the Kerillon Tuff Member: The 
depositional environment existing at the time of eruption of the Kerillon Tuff 
Member cannot be resolved as confidently as that during emplacement of 
the Devils Pulpit Member. The non-fossiliferous nature of the quartz 
sandstone and shale that underlies and is interbedded with the lower part of 
the Kerillon Tuff Member, and the abundance of fining upward intervals of 
coarse- to medium-grained cross-bedded sandstone, suggest a mainly 
fluvial environment. The occurrence of minor intervals of finer grained well 
sorted sandstone and rare siderite nodules, however, may indicate that 
brackish to restricted marine conditions persisted locally.
In the area south of Tangerang Creek the top of the marine tuffaceous 
sandstone sequence was extensively eroded prior to deposition of the 
quartz sandstone and shale succession suggesting emergence of the 
sequence. A substantial thickness of predominantly fluvial quartz sandstone 
and a lens of laminated shale regarded as a lacustrine deposit underlies the 
Kerillon Tuff Member at Lumley Park (Fig. 2.9). Farther north, around 
Brisbane Meadows, a similar sequence underlies and envelopes isolated 
pods of the Kerillon Tuff Member but thins towards the north. Just south of 
Tangerang Creek the Kerillon Tuff Member is underlain by a thin sequence 
of non-fossiliferous lacustrine shale and quartzose mass-flow deposits, 
passing upwards into predominantly medium-grained cross-bedded fluvial 
quartz sandstone. In this area similar quartz sandstone also separates the 
two units delineated within the Kerillon Tuff Member (Chapter 5.2). Only in 
the area around Tangerang Creek itself does the Kerillon Tuff Member 
directly overlie tuffaceous rocks; 200 m of deltaic crystal-vitric siltstone
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deposited in either a shallow marine or lacustrine environment. The contact 
between the siltstone and the Kerillon Tuff Member is not exposed in 
outcrop. It is impossible to demonstrate whether deposition of deltaic 
siltstone persisted in this localised area right up until the commencement of 
volcanism or whether this boundary represents a substantial period of 
erosion that coincided with fluvio-lacustrine sandstone and shale deposition 
south of Tangerang Creek.
3.5 COMPARISON OF THE TANGERANG FORMATION SEDIMENTARY 
ROCKS WITH MODERN SEDIMENTS IN THE BAY OF PLENTY. NEW 
ZEALAND
Deposition of the sedimentary facies of the Tangerang Formation 
occurred within the Wollondilly Basin, which was fed by two compositionally 
distinct sources, one a contemporaneous volcanic source and the other from 
erosion of older quartz-rich sedimentary rocks.
Tuffaceous detritus in the lower part of the Tangerang Formation was 
derived from a subaerial volcanic source area which may have also 
provided the less reworked pyroclastic detritus constituting the Devils Pulpit 
Member (Chapter 4). The most likely volcanic source area at this stage was 
to the east of the present tuffaceous sandstone exposures. Quartz sand 
deposited in the marine portion of the Wollondilly Basin was derived mainly 
from the Ordovician turbidite sequence exposed on the basin margins.
The upper part of the Tangerang Formation reflects emergence of the 
Wollondilly Basin which gave rise to a complex interdigitation between 
subaerial volcaniclastic rocks (Chapter 5) and mainly fluvial quartz sands.
Sediments on the continental shelf portion of the Bay of Plenty in New 
Zealand, present a useful analogue for the compositional distribution of the 
stratigraphically lower, shallow marine sedimentary facies of the Tangerang 
Formation. The nearshore Bay of Plenty represents the shallow marine
extension of the Taupo Volcanic Zone, an ensialic arc and marginal basin 
system (Cole 1984; Lewis and Pantin 1984). Whilst the Bay of Plenty area 
differs from the extensional basin hosting the Tangerang Formation in terms 
of tectonic setting and basin configuration, the similar influx of tuffaceous 
and older terrigenous sediment into a shallow marine setting enables some 
meaningful comparison.
Source rocks for the Bay of Plenty sediments include Mesozoic 
greywacke and Tertiary marine sediments in the eastern half of the area, 
Quaternary pyroclastics of the Taupo Volcanic Zone in the centre and 
Tertiary andesite and rhyolite from an older arc system on the west coast of 
the Coromandel Peninsula (Lewis and Pantin 1984). A map of the Bay of 
Plenty on-land geology and offshore sediment distribution has been inverted 
and rotated through 90 degrees to approximately match the source rock 
distribution in the Tangerang Formation and to highlight the similar 
distribution of shallow marine facies (Fig. 3.13).
The nearshore Bay of Plenty sediments have been strongly 
influenced by the on-land lithological distribution. The central and western 
nearshore zones are dominated by the Western Sand Sheet (Lewis and 
Pantin 1984), consisting largely of sand and gravel-sized feldspathic and 
glass shard material, derived mostly from pyroclastic fall and rivers draining 
the Taupo Volcanic Zone. Horizons of shells and rounded volcanic pebbles 
are locally conspicuous. The outer part of the shelf is dominated by sandy 
silt and mud equivalents of the nearshore facies. Lewis and Pantin (1984) 
regard the Western Sand Sheet as a transgressive body formed during the 
post-glacial sea level rise.
Silt and mud (Eastern Silt Prism) derived from greywacke and marine 
sediments dominate the nearshore zone of the eastern part of the Bay of 
Plenty (Fig. 3.13). Rapid and continuous influx of this detritus led to burial of 
part of the Western Sand Sheet of episodically deposited tuffaceous
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material (Lewis and Pantin 1984). Within 3 km of the shoreline, the Eastern 
Silt Prism consists largely of quartzose detrital sand containing scattered 
greywacke pebbles (Lewis and Pantin 1984). A gradation from nearshore 
sandy sediment to finer grained material farther offshore was noted by Kohn 
and Glasby (1978).
Comparison of the Tangerang Formation shallow marine sedimentary 
facies distribution and that of the inverted and rotated Bay of Plenty 
highlights many similarities. Two major sediment sources operate in both 
areas, an older continuous terrigenous source and a contemporary episodic, 
pyroclastic source. In both areas coarser grained tuffaceous sediments are 
located adjacent to the volcanic source area and finer grained quartz-rich 
sediments are adjacent to the detrital source area. Thick mass-flow deposits 
originating from pyroclastic flows entering the sea are likely to be important 
in the Bay of Plenty deposits, where a large area of ignimbrite originating 
from the Taupo Volcanic Zone occurs adjacent to the present coastline. 
Extending the Bay of Plenty analogue further, the sedimentary facies in the 
Tangerang Formation should become progressively finer grained with 
increasing water depths to the west and southwest. Detrital mud, a very 
minor component of the presently preserved part of the Tangerang 
Formation, is likely to have been moved away from the shore in suspension 
into deeper water. In contrast to the deposition of detrital mud, Lewis and 
Pantin (1984) found that much of the pyroclastic fall material from Taupo and 
White Island eruptions settled out to form a mantle over the continental 
slope. Deposits from turbidity currents, preserved only in the southwestern 
part of the Tangerang Formation are also important in deeper water 
environments such as the Havre Trough (Lewis and Pantin 1984).
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CHAPTER 4
THE DEVILS PULPIT MEMBER OF THE TANGERANG
FORMATION
4.1 INTRODUCTION
The Devils Pulpit Member is a thin sequence of rhyolitic volcaniclastic 
rocks delineated near the base of the Tangerang Formation (Fig. 4.1; 
Appendix 3). It is preserved only on the eastern side of the Wollondilly 
Basin over a length of 30 km but its original extent is unknown. The Devils 
Pulpit Member is composed largely of juvenile volcanic material including 
crystal and volcanic lithic fragments, pumiceous clasts and relict glass 
shards but also contains fragments of shallow marine faunas.
Interpretations of marine volcaniclastic sequences presented in the 
literature are frequently controversial, partly because the depositional setting 
is not always well established, but principally because the mechanism of 
emplacing the volcanic detritus has been assumed rather than clearly 
demonstrated. A problem exists in distinguishing shallow marine 
volcaniclastic rocks produced by true pyroclastic processes (ie subaqueous 
gas-supported pyroclastic flows erupted either on land or under water), from 
those composed of resedimented material derived from pyroclastic flows that 
transformed into water-supported mass flows in shallow water.
Having confidently established a shallow marine environment for the 
Devils Pulpit Member from the enclosing sandstone succession 
(Chapter 3), this chapter describes the variety of lithologies found within the 
preserved volcaniclastic sequence and considers how these rocks differ in 
terms of stratigraphic character and texture from non-welded subaerial 
ignimbrites.
4.2 DEFINITION OF THE DEVILS PULPIT MEMBER
The Devils Pulpit Member has been defined as a new member of the 
Tangerang Formation between Marulan South, where it is truncated by 
plutons of the Marulan Batholith, and the southern margin of the Tangerang 
Formation at Windellama. It is best exposed over a distance of 8.5 km 
between Marulan South and Carne (Fig. 4.1) where a number of mappable 
units have been delineated within the member. In this area the Devils Pulpit 
Member is enclosed by a shallow marine sequence of mass-flow and 
fractional sandstone, and minor siltstone. South of Carne the Devils Pulpit 
Member is more reworked and merges into undifferentiated shallow marine 
tuffaceous sandstone.
A thinner volcaniclastic sequence has been mapped, at a similar 
stratigraphic level, from Brisbane Meadows south to Windellama, where it 
defines a large-scale synclinal structure (Fig. 4.1). In this area the Devils 
Pulpit Member occurs within a mainly low energy shallow marine sequence 
which includes limestone, quartzose and tuffaceous sedimentary rocks 
(Figs 2.2 and 3.1). The volcaniclastic sequence south of Brisbane Meadows 
(Fig. 4.1) is generally poorly exposed and differentiation into individual 
depositional units is impossible in all but a few localities. Despite this, the 
sequence is considered to be a lateral equivalent of the Devils Pulpit 
Member in the Marulan South to Carne area on the basis of similarity of 
stratigraphic position and range of lithologies. In the southern part of the 
Tangerang Formation, the Devils Pulpit Member is best exposed in Buburba 
Creek (Fig. 4.1; GR Kooringaroo 624237 to 619239). The Devils Pulpit 
Member is represented at Neringah (Figs 2.2, 2.7) but in this area it occurs 
as four thinner volcaniclastic horizons that are interbedded with shallow 
marine tuffaceous sandstone. These thin volcaniclastic horizons, exposed 
on the partially intruded limb of the adjacent large-scale anticline, are 
interpreted as equivalents of the Brisbane Meadows-Windellama rocks.
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The exposed thickness of the Devils Pulpit Member ranges from 
39 m at its northern extent, to 84.5 m in the Frome Hill area to a maximum 
of 96 m in the northern lens at Carne (Fig. 4.2). No measured section 
covers the entire Devils Pulpit Member sequence but a maximum cumulative 
thickness of approximately 200 m in the north (Fig. 4.2) and 180 m in the 
south is estimated.
4.2.1 Lithologies and components
The major lithologies in the Devils Pulpit Member are massive 
volcanic breccia and volcanic sandstone. The various occurrences of these 
lithologies within the Devils Pulpit Member are described in detail in 
subsequent parts of this chapter. Volcanic breccia in the Devils Pulpit 
Member typically contains more than 30% of constituents larger than 2 mm 
but is generally relatively crystal-poor. Volcanic sandstone ranges from 
coarse to fine-grained and may be either crystal-rich or poor. Non-genetic 
names such as volcanic breccia and volcanic sandstone are used for the 
Devils Pulpit Member to clearly distinguish that these rocks are 
demonstrably different from lithologies in the tuffaceous sedimentary 
sequence described in Chapter 3.3 in terms of the degree of sorting, grain 
size, matrix content and sedimentary structures.
The northern part of the Devils Pulpit Member (Figs 4.2 and 4.3) 
includes a southward-thinning wedge of shallow marine tuffaceous 
sandstone that extends between Marulan South and Bungonia Creek and 
consists mainly of thick coarse-grained, overlain by thinner medium-grained, 
mass-flow sandstone beds. These mass-flow deposits display slight 
evidence of reworking by weak traction currents throughout the wedge.
All lithologies recognised within the Devils Pulpit Member consist of 
varying proportions of crystal and lithic fragments set in a fine-grained matrix 
composed of non-welded relict glass shards, pumice and unresolvable
devitrified ash. No evidence for hot emplacement, such as welding or 
columnar jointing has been found in the Devils Pulpit Member and the 
detritus most closely resembles subaerial non-welded ignimbrites in terms of 
its components. In contrast to subaerial ignimbrites, however, the Devils 
Pulpit Member contains, sparse, broken but unabraded fossils throughout, 
including brachiopods, crinoids, trilobites, bryozoans and corals. These 
fragments have been transported and thus cannot be used as 
palaeoenvironmental indicators of water depth.
The crystal fraction of the Devils Pulpit Member consists of angular 
fragments of quartz, plagioclase and minor K-feldspar. Lithic fragments are 
predominantly of volcanic origin, consisting mainly of silicic tuff and ash 
clasts. Sedimentary lithic fragments, such as quartz sandstone or limestone, 
are only locally detected.
Relict glass shards are completely devitrified and replaced by a 
mixture of albite, K-feldspar and quartz but retain clear cuspate to rod-like 
outlines and are generally unabraded. Pumice shreds viewed in thin section 
range from clearly identifiable tube pumice to wispy fragments largely 
replaced by chlorite. Lensoidal black vitriclasts, up to at least 1 m long in 
several units of the Devils Pulpit Member, define a crude foliation that is 
parallel to bedding in the enclosing sandstone sequence. The majority of the 
vitriclasts are characterised by diffuse wispy terminations and a variable 
degree of relict vesicularity, suggesting an original pumiceous origin. Some 
vitriclasts, however, retain no evidence of vesicularity and display a faint flow 
banded texture. The range in the degree of vesicularity may reflect a 
continuum from cognate glassy to highly vesicular pumice fragments, but 
regardless of this, the vitriclasts are all classified as part of the vitric 
component in the presentation of modal data (Fig. 4.4a).
Derivation of most of the detritus in the Devils Pulpit Member from 
pyroclastic eruptions is indicated by the variable quantities of well preserved
relict shards, including delicate bubble structures, large and small 
unabraded pumice fragments and whole and broken crystal fragments of 
volcanic origin. The abundance of cuspate shards, angular crystal fragments 
and the freshness of feldspar grains indicates that the pyroclastic material 
was freshly erupted rather than reworked from an older pyroclastic 
sequence (cf. Cas 1983b). The volumetrically minor non-volcanic 
component of the Devils Pulpit Member includes fragments of quartz 
sandstone and shale which tend to be more rounded than the volcanic lithic 
population and are most likely to be derived from exposed Ordovician 
quartzose turbidite deposits on the margins of the Wollondilly Basin. Angular 
to subangular blocks of limestone and shale up to 28 cm across occur at the 
base of a volcanic breccia bed at one locality in Bungonia Creek.
4.2.2 Stratigraphy of the Devils Pulpit Member
A large proportion of the Devils Pulpit Member south of Brisbane 
Meadows has been mapped only as an undifferentiated sequence of 
volcaniclastic rocks, although a range of lithologies and a generalised 
stratigraphy has been recognised. In the area north of Brisbane Meadows, 
however, the Devils Pulpit Member is generally well exposed and four 
lithologically distinct units (designated Units 1 to 4) have been delineated 
and constitute the major part of the ensuing description and discussion. 
These units are shown in a series of detailed measured sections between 
Marulan South and Came (Fig. 4.2). Figure 4.3 is a simplified correlation 
diagram showing the facies relationships between the four units in the 
northern lens of the Devils Pulpit Member. Correlation between the four units 
is complicated in the middle part of this area by the intrusion of a large dacite 
body and associated large-scale faults which displace Unit 4 rocks to the 
west (Fig. 4.3).
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The oldest unit (Unit 1) is a bimodal tuffaceous sandstone, which 
maintains a relatively uniform thickness over its outcrop length. This is 
overlain by a lens of crystal-poor volcanic breccia (Unit 2) and a sequence 
of coarse-grained crystal-rich and fine-grained crystal-poor volcanic 
sandstone (Unit 3). Two separate occurrences of volcanic breccia and 
coarse- to fine-grained volcanic sandstone have been delineated as Unit 4. 
Each of the four units is distinctive despite lateral and vertical facies changes 
that occur as a function of varying degrees of reworking. The main 
characteristics of each unit are summarised in Table 4.1.
Seventy two thin sections comprising the range of lithologies 
encountered in the Devils Pulpit Member have been point counted. Modal 
results are presented diagrammatically in Figure 4.4 and are tabulated in 
Appendix 4.
4.3 THE NORTHERN EXPOSURES OF THE DEVILS PULPIT MEMBER
4.3.1 Unit 1: bimodal tuffaceous sandstone
Unit 1, which is up to 21.5 m thick, can be traced as a distinct unit 
between Marulan South and Carne within the northern lens of the Devils 
Pulpit Member (Figs 4.1,4.2 and 4.3) and as far south as Reevesdale in the 
southern lens. This unit is dominated by massive and poorly sorted bimodal 
tuffaceous sandstone consisting of large volcanic phenocrysts and lithic 
fragments, scattered fossil fragments and rare relict glass shards set in a 
matrix of fine-grained, well sorted tuffaceous sandstone (Fig. 4.5a). The 
occurrence of large crystal and lithic fragments in a fine-grained sand-sized 
matrix gives rise to the bimodal grain size distribution of the rock (Fig. 4.5b).
In most stratigraphic sections, a gradual transition can be observed 
from the upper part of the underlying fine-grained tuffaceous sandstone into 
the bimodal tuffaceous sandstone, involving increasing input of large 
pyroclastic fragments. In well exposed sections, however, the actual contact
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between the coarsening upward sandstone and Unit 1 is sharp, varying 
from slightly irregular to prominently scoured. Elsewhere the contact is not 
exposed and the base of the bimodal tuffaceous sandstone is defined 
arbitrarily as the point where the large volcanic constituents become 
conspicuous near the top of the underlying tuffaceous sandstone. The 
contact between Unit 1 and the overlying Units 2 and 3 is rarely exposed 
but where seen it is generally sharp and planar.
In better exposed sections Unit 1 contains thin, typically 
discontinuous, beds of fine-grained tuffaceous sandstone within the bimodal 
tuffaceous sandstone. Interbedded fine-grained sandstone has been 
particularly noted at Frome Hill (Fig. 4.6) and the base of Unit 1 at Came. 
These intervening sandstone beds range from massive intervals (up to
1.5 m thick) to sequences of thinly bedded (10-30 cm), fine-grained 
sandstone and coarse-grained bimodal sandstone.
Petrographic data (Appendix 4) display a clustering of the bimodal 
tuffaceous sandstone samples on the crystal-lithic-vitric diagram (Fig. 4.4a, 
Plot A) and quartz-feldspar-vitric diagram (Fig. 4.4b). The crystal component 
consists of unbroken and partly embayed quartz phenocrysts, angular to 
subangular fragments of quartz and plagioclase, and lesser amounts of K- 
feldspar (Fig. 4.4c). Crystals are between 0.25 mm and 4 mm in size 
whereas detritus smaller than 0.25 mm constitutes part of the tuffaceous 
sand matrix.
The lithic component, predominantly of volcanic origin (Fig. 4.4d), is 
randomly distributed but constitutes less than 20% of the rock and in most 
outcrops less than 10%. The lithic fraction is unsorted, non-graded and 
mostly angular to subangular, although some sedimentary lithic fragments 
are subrounded. The most common lithic compositions are fine-grained 
volcanic and cherty material (Appendix 4). Maximum lithic fragment 
dimensions were measured at several locations along the exposed length of
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Unit 1 in the northern Devils Pulpit Member lens and the average diameter 
of the five largest clasts was determined. A plot of this average dimension 
against its relative geographic position for Unit 1 indicates a maximum 
average clast size of approximately 13.2 cm near Carne (Fig. 4.4e), and a 
regular decrease in size northwards.
Apart from the upward coarsening of the crystal and lithic component 
observed near the base of Unit 1, no grain size variation in any vertical 
profile through individual bimodal tuffaceous sandstone beds has been 
detected. No evidence of normal size grading is present in either the unit as 
a whole, or in the lithic component, and lithic abundance remains constant 
throughout the sequence.
Fossil fragments, including crinoid stems less than 1 cm long and 
rare solitary corals up to 7 cm in length, are a minor component of the 
bimodal tuffaceous sandstone. Abrasion of fossil fragments is minimal and 
the fragments occur randomly throughout Unit 1.
Large pumice fragments have not been recognised in the bimodal 
tuffaceous sandstone but small wispy chloritic lenses, interpreted as pumice, 
and rare relict glass shard fragments have been identified in some thin 
sections.
The fine-grained matrix of the bimodal tuffaceous sandstone is 
moderately sorted and is composed of small (<0.25 mm) grains of quartz 
and feldspar set in a fine-grained cherty matrix, interpreted as devitrified and 
recrystallised ash. The matrix component is identical in grain size and 
composition to the fine-grained tuffaceous sandstone beds that occur within 
Unit 1 at Frome Hill and Carne. The fine-grained sandy matrix component is 
generally uniform throughout Unit 1 but decreases slightly in grain size 
between Carne and Marulan South, mimicking the corresponding lithic size 
decrease to the north.
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4.3.2 Unit 2: crystal-poor volcanic breccia
Exposure of Unit 2 is restricted to the Frome Hill area (Fig. 4.2, 
sections F and G and Fig. 4.6), where it is up to 18 m thick. It has a 
lensoidal geometry and cannot be traced more than 1.5 km along strike and 
may have originally been a much larger deposit. Unit 2 consists mainly of a 
crystal-poor volcanic breccia that is a poorly sorted aggregate of unbroken 
and fragmented quartz, plagioclase and minor K-feldspar crystals, lithic 
fragments and large black vitriclasts, set in a very fine-grained tuffaceous 
matrix which includes abundant relict glass shards and pumice (Table 4.1; 
Figs 4.5c and 4.5d). The crystal-poor character of the breccia is indicated by 
modal data averaging 13.3% crystals from three analyses (Appendix 4; Figs 
4.4a Plot A, 4.4b, 4.4c and 4.5e).
A detailed log of 40 m of the Devils Pulpit Member sequence 
exposed in the Frome Hill area indicates the presence of multiple units 
within Unit 2 (Fig. 4.6). The thickest single bed (13.6 m), which occurs near 
the base of Unit 2, is a crystal-poor breccia containing very abundant 
vitriclasts up to 80 cm long which are aligned parallel to bedding in the 
enclosing rocks. The basal 3 m of this bed is reverse graded, in terms of 
vitriclast size and abundance, and the remainder is massive to normally 
graded. Crystal content increases toward the top of the bed with a 
corresponding decrease in the size and abundance of lithic fragments. 
Fossil fragments are found most commonly at the base but also sparsely 
throughout the breccia. Over the top few metres the breccia fines slightly, 
particularly with respect to lithic fragments and vitriclasts, and the crystal 
content increases.
The volcanic breccia is overlain by five coarse-grained tuffaceous 
beds, ranging in thickness from 0.13 to 1.8 m, consisting of massive lithic- 
rich breccia and crystal-rich coarse-grained to pebbly sandstone (Fig. 4.6). 
The crystal-rich units are variably massive to diffusely bedded, normally
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graded with gradational to sharp planar contacts and contain fossil detritus 
and angular to sub-rounded small volcanic lithic fragments.
The lithic component of the Unit 2 volcanic breccia is dominated by 
angular fine-grained volcanic fragments with fewer subangular to rounded 
quartz sandstone and Jimestone fragments derived from the underlying 
Ordovician turbidite and Bungonia Limestone sequences respectively. Lithic 
fragments are concentrated towards the base of Unit 2 where field 
estimates of lithic content are as high as 15% of the rock and individual 
fragments range up to 30 cm in diameter.
A large proportion (Fig. 4.4a) of the volcanic breccia consists of 
originally glassy components that are exceptionally well preserved at Frome 
Hill. Small shreds of tube pumice have been recognised, mainly in thin 
section (Fig. 4.5f), but also as very rare clasts up to 3 cm in diameter which 
show little evidence of collapse. Vitriclasts range from slightly vesicular to 
dense black lensoidal fragments and are interpreted as large pumiceous 
clasts that have been subsequently chloritised. The vitric component also 
includes very fine-grained ash-sized particles and abundant non-welded 
relict glass shards. Many of these are unbroken, retaining cuspate, flat, platy 
and rare complete bubble wall forms (Fig. 4.5g) derived from the broken 
walls of pumice clasts (Fisher and Schmincke 1984).
4.3.3 Unit 3: lower volcanic sandstone
Unit 3 consists of a single sedimentation unit up to 52 m thick 
(Fig. 4.2) that can be traced throughout the length of the northern lens of the 
Devils Pulpit Member. Similar lithologies occur in the undifferentiated 
southern exposures of the Devils Pulpit Member. Unit 3 consists of basal 
coarse-grained volcanic sandstone with a moderate crystal content that 
grades over a few metres into a thick sequence of crystal-rich volcanic 
sandstone (Fig. 4.7a) and, in turn, into progressively finer grained crystal-
85
poor volcanic sandstone. The fine-grained volcanic sandstone at the top of 
Unit 3 is up to 15 m thick but is exposed only at a few locations along the 
length of the unit. Elsewhere it has been removed prior to the deposition of 
the overlying Unit 4 of the Devils Pulpit Member (Figs 4.2 and 4.3) and the 
lateral tuffaceous sandstone.
Where observed, the contacts of Unit 3 are sharply defined and 
planar, with few irregularities that indicate minor erosion. Unit 3 is generally 
massive and bedding has been observed only within crystal-rich volcanic 
sandstone at one locality (Fig. 4.6). The vertical gradation from coarse- into 
fine-grained sandstone within Unit 3 involves a relatively abrupt decline in 
the crystal and lithic abundance and a corresponding increase in vitric 
components (Appendix 4; Fig. 4.4a, Plot B). In several measured sections 
the fine-grained top of Unit 3 includes a distinctive crystal-poor, fine- to 
medium-grained vitric-rich sandstone, characterised by rare black vitriclasts 
which define a foliation. The volcanic sandstone in Unit 3 is better sorted 
(Fig. 4.7a) than volcanic breccias in Units 2 and 4 or bimodal tuffaceous 
sandstone of Unit 1.
Angular crystal fragments of quartz, plagioclase and minor K-feldspar 
(Fig. 4.4c) are as large as 4.5 mm across (Fig. 4.7b) and comprise up to 
45% of the rock. The lithic fraction, which mostly constitutes less than 10% of 
the coarser grained part of Unit 3, is dominated by small volcanic clasts 
(Fig. 4.4d) composed of fine-grained tuff, chert and ash fragments 
(Appendix 4). Clasts of fine-grained quartz sandstone, probably derived 
from the nearby Ordovician quartz turbidite sequence, are locally common 
near the base of Unit 3. Most fragments are angular to subangular, although 
some quartz sandstone clasts are more rounded. Fossil fragments are 
generally unabraded and occur as a minor component within coarse­
grained crystal-rich sandstone in the lower part of Unit 3 but have not been 
identified in the finer grained volcanic sandstone at the top.
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The vitric component consists of tube and chloritic pumiceous shreds, 
fine chert recrystallised from devitrified ash and abundant relict glass shards 
ranging in form from cuspate to rod-like fragments. Relict glass shards are 
abundant and well preserved in the fine-grained, crystal-poor sandstone at 
the top of the unit a n i n c l u d e  scattered bubble structures (Fig. 4.7c). 
Shards are less common and typically broken in the coarser grained 
volcanic sandstone in the lower part of Unit 3. Large vitriclasts do not occur 
in the coarse-grained volcanic sandstone of Unit 3.
The foliated vitric sandstone near the top of Unit 3 is up to 5 m thick 
and very crystal-poor, containing scattered quartz and feldspar phenocrysts 
up to 3 mm in diameter. The foliation is defined by rare elongate black 
vitriclasts up to 5 cm long and by small wispy areas in the matrix, both of 
which are interpreted as flattened pumiceous fragments. The matrix contains 
very abundant relict glass shards but lacks evidence of welding.
Unit 3 is characterised by rapid vertical facies changes involving 
variations in grain size and abundance of crystal and lithic fragments and in 
the number of fossil fragments. Lithic fragments are concentrated at the base 
of Unit 3, where they are as large as 5 cm in diameter but above the basal 
few metres lithic fragments rarely exceed 1.5 cm in diameter.
Lateral facies changes within Unit 3, other than thickness variations 
resulting from removal of parts of the sequence, are minimal. The size of 
lithic fragments is approximately constant over the outcrop length, although 
a basal 2 m band of pebbly sandstone has been traced for approximately 
1 km south of Marulan South.
4.3.4 Unit 4: upper volcanic breccia and sandstone
Unit 4 has been recognised only at the top of the northern lens of the 
Devils Pulpit Member and occurs as isolated remnants overlain by well 
bedded shelf sandstone. It is best exposed between Came and Bungonia
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Creek (G.R. Bungonia 743448 to 741447) and forms the narrow lens of the 
Devils Pulpit Member that is offset to the west by two faults in the Bungonia 
Creek area (Fig. 2.5). Mapping has failed to detect any occurrences of 
Unit 4 between Bungonia Creek (Fig. 4.2, section I) and the restricted lens 
enclosed by tuffaceous sandstone at Frome Hill (Fig. 4.3). It does not crop 
out north of this point. Removal of large areas of Unit 4 may reflect slight 
shallowing of water depths in this part of the Wollondilly Basin to produce a 
regime dominated by traction current activity.
At Frome Hill, between 13 m and 55 m of tuffaceous sandstone 
separates Unit 4 from the underlying Units 1 to 3. At Came, the exposed, 
slightly erosional boundary between Units 3 and 4 is marked by only 1 m of 
fine-grained tuffaceous sandstone. The thickness of Unit 4 ranges from 
approximately 50 m at Came (Fig. 4.2, section M) to more than 33 m in 
Bungonia Creek (section I) to 46 m in the Frome Hill area (section F).
Three distinct lithologies have been recognised in Unit 4; basal 
bimodal tuffaceous sandstone; volcanic breccia; and graded coarse- to fine­
grained volcanic sandstone. Bimodal tuffaceous sandstone is restricted to 
the base of Unit 4 at Frome Hill whereas elsewhere volcanic breccia is the 
basal lithology. The volcanic breccia fines upwards and is overlain by 
crystal-rich volcanic sandstone that grades up into finer grained crystal-poor 
volcanic sandstone. The top of this graded sequence is extensively eroded 
resulting in incomplete sections beneath the overlying well bedded 
tuffaceous sandstone sequence (Fig. 4.2).
The bimodal tuffaceous sandstone that occurs at the base of Unit 4 at 
Frome Hill is similar to the bimodal tuffaceous sandstone of Unit 1; it 
grades upwards from fine-grained to bimodal tuffaceous sandstone, is 
poorly sorted and contains subangular lithic fragments up to 38 cm across. 
The base is diffusely bedded and contains thin lenses of fine-grained 
tuffaceous sandstone. The only other occurrence of bimodal tuffaceous
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sandstone within Unit 4 is a block measuring 15 by 7 m that occurs within 
the graded coarse- to fine-grained volcanic sandstone bed in Unit 4 at 
Carne. This block may have been derived from the lateral equivalent of the 
Frome Hill occurrence of bimodal tuffaceous sandstone but it is also 
indistinguishable from the underlying Unit 1 bimodal tuffaceous sandstone 
at Carne.
The Unit 4 volcanic breccia, best exposed at Carne (Fig. 4.2, 
section M), has a maximum preserved thickness of 21.5 m. It is a massive, 
poorly sorted rock (Fig. 4.7d) consisting of broken and unbroken quartz, 
plagioclase and K-feldspar crystals, lithic fragments and sparse broken 
fossils set in a fine-grained silicified matrix. Black lensoidal vitriclasts, up to 
45 cm long (Fig. 4.7e), are common near the base and are interpreted as 
former pumiceous fragments, similar to those in Unit 2. The vitriclasts are 
reverse graded over the basal 10 m of the unit and above this point 
normally graded. Lithic components are dominantly of volcanic origin 
(Fig. 4.4d), and include coarse-grained tuff, chert, ash and fine-grained 
sandstone fragments. At the base of the volcanic breccia at Carne lithic 
fragments comprise up to 15% of the rock and range up to 26 cm maximum 
dimension. Crystal and lithic fragments are both angular to sub-angular and 
the crystals range up to 3.5 mm in diameter. The matrix is composed of very 
fine ash-sized particles including abundant relict glass shards which are as 
large as 1 mm across in some samples (Fig. 4.7f).
Up sequence trends detected within the volcanic breccia include a 
decrease in grain size and in the crystal and lithic content. Modal results 
(Appendix 4) indicate a relative crystal content of 31% from a sample near 
the base of the Carne measured section, decreasing to 16% near the top of 
the same section. This relative vitric enrichment is shown on the quartz- 
feldspar-vitric diagram (Fig. 4.4b), in which the five samples from near the 
top of the volcanic breccia at Carne and laterally to the north, plot close to
the vitric pole. The relative increase in the vitric component as a whole is 
accompanied by an increase in the abundance and size of relict glass 
shards that may result from fragmentation of pumice concentrated towards 
the top of the flow. A marked decrease in the size and abundance of 
vitriclasts occurs above the basal reverse graded zone, although flattened 
pumiceous fragments occur throughout the volcanic breccia. The relative 
proportions of quartz, plagioclase and K-feldspar fragments are little affected 
by stratigraphic position.
Recognition of lateral changes within the volcanic breccia is 
hampered by poor exposure because the base is exposed only in one 
section. The thickness of the volcanic breccia and the average size of the 
five largest lithic fragments, however, decreases from Came to the Frome 
Hill area. The average maximum lithic dimension near the base of the 
volcanic breccia at Came is 19.1 cm decreasing to 11.5 cm in Bungonia 
Creek, whereas lithic fragments in the Frome Hill area rarely exceed 1.5 cm 
in diameter (Fig 4.4e).
The Unit 4 volcanic breccia is overlain by a thick graded bed of 
coarse- to fine-grained volcanic sandstone. At Carne, the base of this 
succession is defined by a 20 cm band of pebbly volcanic sandstone, 
containing up to 50% of angular to subrounded sedimentary and volcanic 
lithic fragments, set in a matrix rich in relict shards. The lithic fragments, up to
1.5 cm across, are mainly fine-grained quartz sandstone derived from the 
Ordovician strata. The volcanic sandstone at the base of the graded bed is 
massive and crystal-rich (Fig. 4.4a, Plot C) and relatively poorly sorted. In 
all stratigraphic sections a continuous gradation exists from coarse-grained 
crystal-rich volcanic sandstone to fine-grained crystal-poor sandstone at the 
top.
The fine-grained volcanic sandstone attains a maximum thickness of 
28 m (Fig. 4.2, sections L and M) as a massive, non-bedded and
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undifferentiated rock. The upper part is very fine-grained, containing <10% 
crystal fragments (Appendix 4 and Fig. 4.4a, Plot C) and virtually no lithic 
fragments. Bedding has been observed at only one locality in Bungonia 
Creek in this very fine-grained upper part of the sequence (Fig. 4.7g). The 
thick interval of fine-grained volcanic sandstone preserved around Came 
does not occur at Frome Hill, where crystal-rich volcanic sandstone is 
overlain by the tuffaceous sandstone association.
At several locations (Fig. 4.2, sections I, K and L), the upper fine­
grained part of Unit 4 includes a distinctive foliated vitric-rich sandstone 
which is fine-grained and very crystal-poor (< 10% crystals). A conspicuous 
foliation is defined by flattened chloritised vitriclasts up to 10 cm long 
(Fig. 4.8a). Scattered quartz and feldspar phenocrysts up to 3 mm across 
occur in both vitriclasts and in the fine ashy matrix. Abundant relict glass 
shards in the matrix are aligned parallel to the vitriclast foliation but display 
no evidence of welding (Fig. 4.8b).
4.4 SOUTHERN EXPOSURES OF THE DEVILS PULPIT MEMBER
Coarse-grained crystal-rich volcanic sandstone and finer grained 
crystal-poor sandstone comprise the southern part of the Devils Pulpit 
Member that can be traced for a distance of 21.5 km along strike from 
Brisbane Meadows to Windellama (Fig. 4.1). Several poorly exposed beds 
of fossiliferous volcaniclastic rocks also occur within tuffaceous sandstone at 
a similar stratigraphic level in the Neringah area (Fig. 2.7). The southern 
exposures of the Devils Pulpit Member are covered in places by Tertiary 
sediments or intruded by the Marulan Batholith. The Unit 1 bimodal 
tuffaceous sandstone can be traced as far south as Reevesdale but coarse­
grained crystal-poor lithologies such as the Unit 2 and 4 volcanic breccias 
have not been recognised south of Brisbane Meadows.
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The southern part of the Devils Pulpit Member has a maximum 
thickness of approximately 180 m in Buburba Creek (G.R. Kooringaroo 
624237 and Fig. 4.9) but elsewhere is typically less than 50 m thick. The 
southern volcaniclastic exposures are underlain by shallow marine 
tuffaceous sandstone between Brisbane Meadows and Reevesdale and by 
fine-grained quartz-rich sandstone and siltstone south of Reevesdale. The 
volcaniclastic rocks are variably overlain by tuffaceous sandstone or quartz- 
rich sandstone and a small limestone lens.
A broadly upward-fining succession constitutes the bulk of the Devils 
Pulpit Member south of Brisbane Meadows. Coarse-grained crystal-rich 
volcanic sandstone containing shallow marine fossil fragments grades up 
into medium- to fine-grained crystal-poor foliated sandstone. Part of this 
succession is well exposed over a thickness of 180 m in Buburba Creek 
(Fig. 4.9), where four sedimentation units have been recognised within the 
generally coarse-grained volcaniclastic rocks found in this area.
The lowermost sedimentation unit in the Buburba Creek section 
consists of very coarse- to medium-grained crystal-rich sandstone that 
contains relatively abundant fossils fragments. Most of the unit is massive 
but diffuse bedding is developed towards the slightly finer grained top 
(Fig. 4.8c). The majority of beds are 3 to 15 cm thick but range up to a 
maximum of 50 cm. The crystal component, consisting of equal proportions 
of quartz and feldspar, ranges between approximately 65% and 80% of the 
rock (Appendix 4). Rare lithic fragments, usually less than 2 cm in diameter, 
are non-sorted and randomly oriented, although the rock as a whole is 
moderately sorted. Fine- to medium-grained massive sandstone, that is 
crystal-poor, occurs as rubbly outcrops above the coarse-grained sandstone 
but its occurrence appears to be restricted to the immediate area of Buburba 
Creek.
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The second sedimentation unit consists of very coarse-grained 
crystal-rich volcanic sandstone, containing scattered fossil fragments 
(Fig. 4.9). It is massive and diffusely foliated, the foliation defined by chloritic 
clasts which are up to 3 cm long and are interpreted as former pumice 
fragments. The coarse-grained sandstone is overlain abruptly by a thin band 
of medium-grained massive sandstone with a moderately high crystal 
content. A second similar coarse-grained crystal-rich volcanic sandstone 
constitutes the third sedimentation unit. Elongate chloritised pumice clasts in 
this bed range up to 12 cm in length and define a prominent foliation in the 
rock (Fig. 4.8d). Minor volcanic and quartz sandstone fragments are angular 
and smaller than 5 cm across. The coarse-grained crystal-rich sandstone of 
the second and third sedimentation units is the dominant lithology in the 
southern part of the Devils Pulpit Member.
Very coarse-grained, grading to medium- or coarse-grained, volcanic 
sandstone forms the fourth sedimentation unit at the top of the Buburba 
Creek section. It is indistinguishable from the coarse-grained sandstone of 
the first sedimentation unit at the base of the measured section.
Foliated medium- to fine-grained crystal-poor volcanic sandstone that 
typically occurs at the top of the Devils Pulpit Member south of Brisbane 
Meadows is not exposed in the Buburba Creek section. These finer grained 
rocks are characterised by a large amount of fine-grained originally glassy 
material (Fig. 4.8e), an absence of fossil detritus and abundant small 
chloritised pumiceous fragments which in many outcrops define a prominent 
foliation.
The Devils Pulpit Member south of Brisbane Meadows includes a 
higher proportion of coarse-grained, moderately sorted and crystal-rich 
lithologies than occurs in the four units delineated in the northern 
volcaniclastic exposures. Comparison of modal plots (Figs 4.4a and 4.4b) 
indicates higher crystal contents in the coarser rocks from the southern
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Devils Pulpit Member, also evident in photomicrographs (Figs 4.8f and 4.8g 
compared with Fig. 4.7b). Modal lithic abundances are slightly lower in 
samples from the southern Devils Pulpit Member, compared with those in 
the northern lens.
4.5 INTERPRETATION AND DISCUSSION OF THE DEVILS PULPIT 
MEMBER
The Devils Pulpit Member consists of a series of sedimentation units 
(up to 50 m thick) composed largely of unabraded pyroclastic fragments. 
Based on the thickness of deposits and nature of the components, the Devils 
Pulpit Member is most likely the product of large magnitude explosive 
eruptions producing pyroclastic flows and a large volume of immature 
volcanic sediment.
4.5.1 Emplacement of the Devils Pulpit Member
The important problem to be considered in discussing of the origin of 
the Devils Pulpit Member is the manner in which the pyroclastic detritus was 
finally emplaced in the shallow marine environment. Two possibilities are 
plausible:
(1) Subaerial pyroclastic flows entered the water without explosive 
disruption and continued to move as true subaqueous gas-supported 
pyroclastic flows as defined by Cas and Wright (1987). If this occurred 
the deposits in the Devils Pulpit Member should closely resemble the 
deposits of non-welded pyroclastic flows on land that are well 
documented in the literature (Sparks et al. 1973; Sparks 1976).
(2) Subaerial pyroclastic flows disintegrated upon entering the water 
to form large volumes of unconsolidated volcaniclastic detritus that 
was subsequently redeposited as a series of water-supported mass 
flows.
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Differences between these two modes of emplacement in shallow 
water may be very slight or undetectable (Lajoire 1984; Suthren 1985), 
particularly where only a small portion of the original sequence is preserved. 
In the case of the Devils Pulpit Member only that portion of the sequence 
close to the eastern margin of the Wollondilly Basin is preserved. In addition 
the thick sedimentation units that comprise the Devils Pulpit Member could 
be expected to travel considerable distances (Fisher 1984), undergoing 
marked facies changes within the marine environment. Usage of the term 
subaqueous pyroclastic flow in the recent literature further complicates 
discussion of the origin of the Devils Pulpit Member. Although subaqueous 
pyroclastic flows should be analogous to subaerial pyroclastic flows (Cas 
and W right 1987), some authors (e.g. Fiske 1963; Fiske and 
Matsuda 1964; Tasse et al. 1978) include in this category deposits that 
were clearly emplaced as water-supported mass flows. Other workers such 
as Sigurdsson et al. (1980) and Carey and Sigurdsson (1980, 1984) 
recognised deep marine equivalents of subaerial pyroclastic flows in the 
Lesser Antilles but called these deposits "pyroclastic debris flows" as they 
lacked evidence for hot emplacement.
The volcaniclastic rocks described in the preceding part of this 
chapter fall into three main types that are best interpreted individually. These 
are:
(1) bimodal tuffaceous sandstone beds in Units 1 and 4;
(2) volcanic breccias in Units 2 and 4; and
(3) thick graded beds of coarse- to fine-grained volcanic sandstone
that comprise the bulk of the southern part of the Devils Pulpit
Member and also occur in Units 3 and 4 in the north.
The features that are pertinent to interpretation of these lithologies are 
summarised in Table 4.1. >
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1. Emplacement of the bimodal tuffaceous sandstone: Bimodal tuffaceous 
sandstone constitutes the bulk of Unit 1 at the base of the northern Devils 
Pulpit Member and also occurs at the base of Unit 4 higher in the same 
sequence but has not been found south of Reevesdale. The occurrence of 
bimodal tuffaceous sandstone, containing large unaltered crystal and lithic 
fragments and minor relict glass shards, at the base of the Devils Pulpit 
Member reflects an upsurge in explosive volcanic activity in the vicinity of the 
Wollondilly Basin.
In terms of its massive unsorted and non-graded character, as well as 
the abundance of fragmental volcanic components, the bimodal tuffaceous 
sandstone superficially resembles many subaerial non-welded pyroclastic 
flow deposits. It differs, however, from the model of a typical pyroclastic flow 
unit (Sparks et al. 1973) in several major ways: (i) shallow marine fossil 
fragments occur throughout; (ii) the matrix material between the pyroclastic 
fragments is a well sorted fine-grained sand rather than ash-sized particles; 
(iii) it lacks pumice and is not density graded with respect to lithic fragments; 
and (iv) single beds consist of thick coarse-grained and unsorted debris that 
is interbedded with fine-grained well sorted sandstone. These features are 
more consistent with the bimodal tuffaceous sandstone being a mixture of 
freshly erupted pyroclastic material, reworked tuffaceous fine-grained sand 
and older sedimentary detritus that have been emplaced in a shallow 
marine environment as a series of mass flows.
Mixing of pyroclastic material, possibly derived from either pyroclastic 
flows disaggregating at the shoreline or from fluvial input, and shallow 
marine sand is envisaged, producing sediment that contains scattered 
fossils but is depleted in fine ash particles, shards and pumice. These 
components would be easily elutriated or abraded in a shallow marine shelf 
environment. Periodic downslope slumping of this material accounts for both 
the thick massive beds of bimodal tuffaceous sandstone and the thinner fine­
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grained tuffaceous sandstone beds observed at Frome Hill and Carne in 
Units 1 and 4. The thin beds of fine-grained tuffaceous sandstone occur in 
the lower half of these units and may reflect initially low rates of pyroclastic 
input into the basin leading to generation of relatively thin mass flows. 
Greater rates of pyroclastic input may have led to generation of the much 
larger mass flows that constitute the bulk of the bimodal tuffaceous 
sandstone, triggered by overloaded slopes or seismic activity. These larger 
flows could be expected to extend basinward into deeper marine 
environments, undergoing flow transformation to become more dilute 
turbidity currents (Fisher 1984).
The actual mass-flow transport mechanisms involved in emplacement 
of the bimodal tuffaceous sandstone beds must be able to account for the 
following features: (i) the massive unsorted and non-graded nature of the 
rock; (ii) the scoured bases of some individual beds; and (iii) the thin, 
discontinuous beds of fine-grained tuffaceous sandstone in the lower parts 
of Units 1 and 4.
Features such as the massive, matrix-supported fabric of randomly 
oriented, unsorted and non-graded detritus observed in the bimodal 
tuffaceous sandstone beds are consistent with their interpretation as debris 
flow deposits (Middleton and Hampton 1973, 1976) or as cohesive debris 
flow deposits (Lowe 1979, 1982). Both flow types utilise matrix strength and 
density as the support mechanism in transporting larger fragments, mainly 
by laminar flow. The matrix, however, in the bimodal tuffaceous sandstone 
consists of a mixture of fine sand-sized particles and approximately 25 to 
30% of undifferentiated very fine-grained material interpreted as ash. The 
high percentage (>30% in all samples) of fine sand-sized grains may 
indicate some clast support by grain dispersion analogous to density- 
modified grain flows (Lowe 1976, 1982). Thin beds of fine-grained 
tuffaceous sandstone that occur within the lower parts of the bimodal
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tuffaceous sandstone intervals lack the larger clasts found in the coarser 
grained beds and are interpreted as thin, high particle concentration mass- 
flow deposits of tuffaceous shelf sand.
Cas and Landis (1987) and Cas et al. (1989) described high particle 
concentration mass-flow deposits in the Waiareka-Deborah Volcanics, New 
Zealand, which are of massive, non-graded and mud-poor character and are 
interpreted as the products of grain-dominant rather than mud-dominant 
debris flows. Busby-Spera (1988) interpreted non-graded and unsorted 
massive tuff breccias in the Jurassic Gran Canon Formation as the deposits 
of debris flows and density modified grain flows. These tuff breccias are 
characterised by randomly oriented clasts and non-erosive to erosive bases, 
thus displaying many similarities with Units 1 and 4.
"Rubble flows" and "structureless rudites" described by Jones (1967) 
and Mitchell (1970) respectively, in an island arc setting in the New 
Hebrides, have a massive unsorted texture similar to that of the bimodal 
tuffaceous sandstone. In both of these examples, however, the detritus was 
derived from fragmentation of volcanic and associated carbonate 
accumulations in a shallow marine environment rather than from 
contemporaneous pyroclastic flows entering the sea.
The occurrence of randomly dispersed clasts within the bimodal 
tuffaceous sandstone and the absence of lithic-rich zones near the base 
indicate that the clasts were fully supported by the fine-grained matrix 
material and not partially dragged as bed load (Lowe 1979). Some degree 
of turbulence, however, may be indicated by the scoured base observed in 
the lower massive bed at the base of Unit 1, shown in Figure 4.6, and the 
rare thinly-bedded intervals.
P. Emplacement of the volcanic breccias: Beds of volcanic breccia in Units 2 
and 4, while sharing many components in common with the remainder of
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the Devils Pulpit Member (Table 4.1), display significant textural differences 
from the other major lithologies. The breccias are crystal-poor but rich in 
pumiceous vitriclasts, and they contain a large vitric fraction which is rich in 
well preserved relict glass shards. These rocks differ from the bimodal 
tuffaceous sandstone in terms of matrix composition and abundance of 
originally glassy components. The volcanic breccia matrix is composed of 
tiny vitric fragments and the rock contains abundant pumice whereas the 
bimodal tuffaceous sandstone contains a matrix of fine-grained tuffaceous 
sand in which relict shards and pumice are rare and abraded. Compared 
with the graded volcanic sandstone beds that dominate the southern part of 
the Devils Pulpit Member and occur in Units 3 and 4, the volcanic breccia 
is less obviously graded, much more poorly sorted and contains significantly 
fewer crystals.
The massive poorly sorted and crystal-poor character and the 
abundance of vitric constituents are consistent with the volcanic breccias 
being deposits of subaerial non-welded pyroclastic flows. Several features 
in the two volcanic breccia occurrences, however, indicate that the 
pyroclastic detritus was deposited as water-supported debris flows in 
shallow water rather than as gas-supported pyroclastic flows on land. These 
features include the presence of sparse shallow marine fossils in the 
breccias and the development of thick sedimentation units which are graded 
towards the top. The occurrence of fossils throughout the full vertical extent 
of the breccias indicates ingestion and thorough mixing of water and marine 
sediment rather than incorporation of material only at the base of the unit 
that may occur as a result of an expanded subaerial pyroclastic flow 
displacing the shoreline and moving subaerially across marine substrate 
sediments.
Secondly, the grading developed towards the top of the breccias in 
Units 2 and 4 differs from that typical of subaerial pyroclastic flows which
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are commonly density graded producing concentrations of lithic fragments at 
the base and pumice clasts at the top (Sparks et al. 1973). The decrease in 
the size and number of pumiceous vitriclasts, and the crystal enrichment in 
the upper part of the Unit 2 volcanic breccia are interpreted to reflect 
winnowing of the top of a debris flow in shallow water leading to elutriation 
of fines and pumice. Pumiceous clasts also diminish in size and abundance 
towards the top of the Unit 4 breccia but crystal and lithic content also 
decreases, producing a fine-grained, relatively vitric-rich rock. The 
upsequence decrease in crystal and lithic fragments probably reflects 
hydraulic settling out of progressively finer grained, less dense material 
during emplacement. The difference in crystal content at the top of the 
breccia in Units 2 and 4 may reflect operation of weak currents during 
emplacement of Unit 2 but may in part also be a consequence of different 
degrees of expansion of original pyroclastic flows entering the sea resulting 
in different amounts of water being ingested during transformation into 
debris flows. The multiple thin units at the top of Unit 2 at Frome Hill 
(Fig. 4.6), are generally massive to diffusely bedded and crystal enriched 
and are interpreted as thin mass-flow deposits.
The abundance of fine vitric material retained in both breccia 
occurrences suggests that the transition of subaerial pyroclastic flows into 
water-supported debris flows occurred without explosive activity and 
consequent loss of fines in a secondary littoral eruption column 
(Walker 1979). Disagreement continues in the literature, however, as to 
whether subaerial pyroclastic flows can make a smooth transition into water 
without explosive disruption, regardless of the final mechanism of 
emplacement. Several studies document examples involving subaerial 
pyroclastic flows that are known to have subaqueous counterparts but lack 
descriptions of the subaqueous deposits that may be used in comparison 
with the subaerial rocks to evaluate the processes occurring at the shoreline
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and in the shallow marine environment. One example is the 1883 eruption of 
Krakatau during which pyroclastic debris largely filled a 30 to 40 m deep 
basin north of the vent (Self and Rampino 1981), but the subaqueous 
deposits have not been documented. Similarly, a 13 km long submarine 
ridge in the Lesser Antilles has been interpreted by Sparks et al. (1980a, b) 
as the offshore equivalent of Late Quaternary subaerial pyroclastic flows on 
Dominica but cores of this material are not described.
Some studies in the Ordovician volcaniclastic sequence in Wales 
(e.g. Francis and Howells 1973; Howells et al. 1979, 1985; Reedman et al. 
1987), in which both subaerial and subaqueous rocks are exposed, have 
postulated that pyroclastic flows made a smooth transition into shallow 
water, in some cases remaining sufficiently hot for welding to occur. Recent 
work by Orton (1990) suggested that portions of flows may have moved into 
such shallow water that they blanketed the shelf to remain largely subaerial. 
Those portions of the flow which moved directly into water, however, 
disintegrated soon after entering the sea. The subaqueous portion of the 
Pitts Head Tuff, for example, consists of a series of non-welded thin debris 
flows with crystal-rich bases and pumiceous tops in contrast to the 
substantially thicker welded and relatively crystal-poor facies preserved near 
the shoreline (Orton 1990).
3 ._ Emplacement of the graded beds of volcanic sandstone: Thick 
sedimentation units that grade from coarse-grained and crystal-rich into fine­
grained and crystal-poor volcanic sandstone dominate the Devils Pulpit 
Member south of Brisbane Meadows and also occur in Units 3 and 4 of the 
northern exposures. Single sedimentation units in this group are up to 50 m 
thick and are composed largely of non-welded pyroclastic detritus. Such a 
thickness of material is most likely the product of a large magnitude 
explosive eruption producing pyroclastic flows that may have transported the
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detritus substantial distances without significant abrasion of crystal, lithic or 
glassy fragments. The graded beds in the Devils Pulpit Member, however, 
differ from the deposits of non-welded subaerial pyroclastic flows in several 
ways that suggest they are shallow marine mass-flow deposits rather than 
pyroclastic flow deposits. Major differences comprise: (i) they are 
continuously graded from coarse-grained and crystal-rich into fine-grained 
and crystal-poor material; (ii) they contain shallow marine fossils; and 
(iii) they are better sorted and contain a much higher percentage of crystals 
than most subaerial ignimbrites.
The graded volcanic sandstone beds in the Devils Pulpit Member are 
interpreted as voluminous, shallow marine, high particle concentration 
mass-flow beds in which heavier and denser particles deposited first pass 
up into progressively finer grained and less dense material. The large 
volume of pyroclastic material within these volcanic sandstone beds 
suggests that they originated from pyroclastic flows which immediately 
disintegrated on passage into shallow water, but this cannot be 
demonstrated as possible on-land equivalents are not preserved in this part 
of the Tangerang Formation. It is also possible that a proportion of the 
detritus was transported from the volcanic source into the basin by rivers, 
introducing some degree of sorting. This scenario is most likely to apply in 
the southern part of the Devils Pulpit Member where the graded volcanic 
sandstone beds contain better sorted and finer grained material than beds in 
the northern exposures.
In the basal few metres of some sedimentation units (e.g.. Unit 3) 
larger fragments are fully supported in ashy matrix material, analogous to 
deposition by debris flows (Middleton and Hampton 1976; Lowe 1982). 
Crystal content increases substantially over the basal few metres but above 
this, coarse-tail grading of the lithic fraction and poorly developed normal 
grading of other components is developed. Crystal enrichment in the lower
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portion of Unit 3 is probably due to elutriation of fines from the moving mass 
flow, rather than other factors such as original crystal-rich magmas, or loss of 
ash from pyroclastic flows or secondary explosions (Cas 1983b; 
Roobol 1976).
Flow transformation from essentially laminar to a more turbulent 
character may account for the crystal enrichment within the coarser grained 
volcanic sandstone and development of thick fine-grained deposits at the 
top of graded sedimentation units. Fisher (1983,1984) described a process 
of fluidisation transformation involving elutriation of fine particles by upward 
movement from a relatively dense bed to produce an over-riding turbulent 
low particle concentration cloud. Sparks and Wilson (1983) described a 
similar phenomenon in ash turbidity currents, in which water is entrained 
into the flow head, lowering particle concentration and allowing deposition 
of coarser grained material while the lower density fluids transport fine 
particles to the top of the flow.
The finer grained and crystal-poor top of the volcanic sandstone beds 
is therefore interpreted as the residual vitric-rich material left after settling of 
the heavier crystals and lithic fragments that constitute the coarser grained 
part of the bed and is analogous to Bouma division E deposits in turbidite 
beds. The large thickness of this fine-grained material (up to 30 m at Carne) 
and its massive fabric suggests continuous deposition of large volumes of 
ash-sized detritus derived from either pyroclastic flows crossing the 
shoreline, or deltaic sequences such as that in the Tangerang Creek area 
(Chapter 3.3.3), feeding fine-grained material into the shallow marine 
environment. Foliated vitric-rich sandstone horizons that occur near the top 
of Units 3 and 4 are similar to the massive fine-grained sandstone, except 
that they contain scattered pumiceous vitriclasts which may represent 
waterlogged pumice that settled out after it was separated mechanically from 
the pyroclastic detritus.
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The finer grained crystal-poor volcanic sandstone differs significantly 
from subaqueous ash-fall deposits that have been documented at the top of 
other thick volcaniclastic sequences (Fiske 1963; Fiske and Matsuda 1964; 
Wright and Mutti 1981). Subaqueous ash-fall deposits, also known as ash 
turbidite beds, are typically thinly bedded, well sorted and display many 
features of the Bouma sequence, including normal grading, load casts and 
intervals of parallel and cross-lamination. Grain size ranges from lapilli to 
very fine ash and some sequences are doubly graded (Fiske and 
Matsuda 1964). Thinly bedded sequences of fine-grained volcanic 
sandstone in the Devils Pulpit Member that resemble ash turbidite beds are 
restricted to the bedded very fine-grained vitric-rich sandstone that occurs at 
the top of Unit 4 in Bungonia Creek (Fig. 4.7g). These deposits represent 
slow settling of residual fine-grained ashy sediment from the water column in 
an area below wave base.
With the exception of minor intervals of foliated vitric-rich sandstone, 
large pumiceous vitriclasts do not occur in the graded beds although small 
pumice shreds have been identified in thin section. The volcanic detritus 
may have been derived from pumice-poor phreatomagmatic flows or 
pumice-poor block and ash flows, although the absence of abundant 
cognate clasts argues against the latter. Mechanical removal of pumice by 
explosive fragmentation as pyroclastic flows moved into water or during 
transport as subaqueous mass flows is considered more likely. Alternatively, 
the pumice-rich top of a density graded pyroclastic flow entering the water 
may spread out over the top of the water (Cas and Wright 1987), cool but 
remain buoyant, and be dispersed by currents. Whitham and Sparks (1986) 
have recently demonstrated experimentally that pumice behaviour in water 
is in part related to its temperature, whilst pumice size and the size and 
connection of vesicles also contribute; cold pumice absorbed water slowly 
enabling some specimens to remain afloat for the duration of the experiment
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(1.5 years), whereas hot pumice absorbed water into vesicles and sank 
more readily, assisted by the conversion of water to stream flushed air from 
the vesicles.
The coarser grained parts of the Devils Pulpit Member graded 
volcanic sandstone beds resemble the lower massive divisions of rocks 
originally described as subaqueous pyroclastic flow deposits (Fiske and 
Matsuda 1964; Bond 1973; Niem 1977; Tasse et al. 1978; Ricketts et al. 
1982), but which would now be regarded as subaqueous cold-state mass- 
flow deposits. Rocks described by these authors are graded, may contain 
fossil debris and are overlain by a finer grained division which is commonly 
bedded.
Kokelaar et al. (1985) described 161 m of massive coarse lapilli tuff 
overlain by normally graded finer grained material from the Early Ordovician 
Cader Rhwydog Tuff on Ramsey Island, Wales, which contained large lithic 
and pumice clasts set in a recrystallised matrix. Emplacement by 
subaqueous pyroclastic flow and associated fall processes from a 
submarine eruption has been proposed by Kokelaar et al. (1985) but Cas 
and Wright (1987) questioned this interpretation and suggested that a mass- 
flow origin is more likely. Mass-flow deposits have been reported from other 
volcaniclastic sequences in both the Snowdonia district and the Fishguard- 
Ramsey Island areas of Wales. These deposits are typically thinner than 
those interpreted as subaqueous pyroclastic flow deposits and have been 
attributed to high density turbidity currents (Bevins and Roach 1979; 
Kokelaar et al. 1984, 1985), cohesive debris flows or redeposition of older 
pyroclastic material (Howells et al. 1986).
In an area that is more proximal to the Devils Pulpit Member, rocks 
that are similar to the graded volcanic sandstone beds occur in the Early 
Devonian Merrions Tuff in the Hill End Trough, New South Wales, which lies 
west and northwest of the Bindook Volcanic Complex (Cas 1979).
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Sedimentation units in the Merrions Tuff are very thick (up to approximately 
100 m) and massive to graded (normal and coarse-tail), with generally 
sharp planar to scoured bases. They are composed of freshly erupted 
pyroclastic debris and were interpreted by Cas (1979) as the deposits of 
high particle concentration mass flows. They differ from the Devils Pulpit 
Member graded rocks in their significantly higher crystal content, averaging 
64.2% (Cas 1983b), and in the occurrence of intervals of diffuse planar 
lamination and rare cross-bedding. Basinward, deeper water occurrences of 
the Devils Pulpit Member rocks are likely to resemble texturally the Merrions 
Tuff sedimentation units, albeit on a somewhat smaller scale, as continued 
crystal enrichment and dilution of mass flows took place.
Other deeper water, but probably more proximal, mass-flow deposits 
have been documented in the area between the Hill End Trough and the 
northern part of the Bindook Volcanic Complex. The Early Devonian 
Kowmung Volcaniclastics described by Cas et al. (1981) comprise a 
succession of volcanic-derived sandstone, breccia, conglomerate, lithic 
sandstone and mudstone. The volcaniclastic facies consists of thick massive 
to graded beds emplaced by mass-flow processes into a proposed deep 
marine environment dominated by hemipelagic mudstone deposition. Some 
of the features distinguishing the deeper water context of the Kowmung 
Volcaniclastics compared with the Devils Pulpit Member include the 
abundance of hemipelagic mudstone, well developed Bouma sequences 
and the absence of tractional structures, except rare ripple marks. A more 
detailed description of the Kowmung Volcaniclastics is included in an overall 
discussion of facies in the Bindook Volcanic Complex in Chapter 7.3.
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4.5.2 Implications for source volcanoes and transport of detritus 
to the shoreline
Source volcanoes for the Devils Pulpit Member are not preserved and 
may have been either subaerial or subaqueous. No evidence exists within 
the sequence of subaqueous collapse breccias that may indicate a marine 
vent or of ponded accumulations of volcaniclastic debris in shallow marine 
calderas such as those documented by Busby-Spera (1984, 1986) and 
Howells et al. (1986). Although a marine volcanic centre cannot be 
discounted, it is more likely that subaerial volcanoes were located adjacent 
to the preserved remnants of the volcaniclastic rocks on the eastern margin 
of the Wollondilly Basin. These volcanoes produced large pyroclastic flows 
and associated pyroclastic fall deposits as well as unconsolidated sediment 
available for transport by fluvial or sheet wash processes. Scattered 
sedimentary clasts, predominantly fine-grained quartz sandstone, within the 
Devils Pulpit indicates that Ordovician strata were also exposed on the basin 
margin.
Large volume pyroclastic flows of the type envisaged as providing 
detritus for the Devils Pulpit Member are likely to have a radial distribution 
and enter the sea at a number of points over a long front. Facies changes 
along the exposed length of the Devils Pulpit Member support input of 
detritus at a number of point sources along the eastern margin of the 
Wollondilly Basin as does the inability to correlate individual units in the 
northern exposures with beds or sets of beds in the south. Deposits in the 
southern part of the Devils Pulpit Member are generally better sorted, finer 
grained overall and, at least for the coarser beds, more crystal-rich than the 
northern part of the succession. This may reflect a greater degree of 
transport of debris into the basin by fluvial rather than pyroclastic processes 
in the southern area with redeposition of partially sorted material from 
numerous prograding deltas.
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In the absence of palaeocurrent data from the Devils Pulpit Member, 
indications of transport direction of the volcanic detritus within the marine 
environment are restricted to the systematic changes in lithic size and 
abundance and overall grain size documented for Units 1 and 4 in the 
northern part of the sequence. In both cases grain size and lithic abundance 
decrease towards the north providing a rather equivocal indication that 
subaqueous mass-flows moved in a generally northerly direction.
4.6 CONCLUSIONS
The Devils Pulpit Member is a sequence of silicic volcaniclastic rocks 
composed primarily of crystal and lithic fragments, relict glass shards and 
pumice, recrystallised fine ash-sized matrix and minor fossil fragments. The 
enclosing sedimentary succession and the occurrence of fossil fragments 
within the volcaniclastic rocks point to deposition of the Devils Pulpit 
Member in a shallow marine setting. Present exposures of the Devils Pulpit 
Member are restricted to the eastern margin of the Wollondilly Basin and are 
remnants of an original sequence that is likely to have been very extensive, 
given that individual sedimentation units within it are up to 50 m thick.
Components within the Devils Pulpit Member were derived principally 
from pyroclastic eruptions that probably occurred on the eastern margin of 
the W ollondilly Basin, an unknown distance from the shoreline. 
Transportation of volcanic detritus into the marine environment is attributed 
largely to a combination of pyroclastic flow and fluvial processes.
Three major lithologies have been mapped within the Devils Pulpit 
Member: bimodal tuffaceous sandstone, volcanic breccia and graded beds 
of coarse- to fine-grained volcanic sandstone. All are regarded as being 
emplaced in relatively shallow water by cold-state mass-flow processes, 
either as debris flows or as high particle concentration mass flows. The 
Devils Pulpit Member lithologies, however, share many of their
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characteristics with the deposits of subaerial pyroclastic flows. In particular, 
the volcanic breccia beds closely resemble many subaerial non-welded 
pyroclastic flow deposits in terms of parameters such as sorting, massive 
character, grain size and components. Examination of the Devils Pulpit 
Member is therefore useful in determining the criteria that may serve to 
distinguish non-welded pyroclastic flow deposits from subaqueous mass- 
flow deposits of volcanic debris, particularly in ancient volcanic sequences. 
Criteria gained from examination of the Devils Pulpit Member that may be 
used to distinguish subaqueous volcaniclastic rocks from subaerial 
pyroclastic rocks include:
1. Subaqueous volcaniclastic rocks may contain marine fossil 
fragments generally dispersed throughout a large proportion of 
individual sedimentation units. Subaerial pyroclastic flow deposits will 
only contain marine fossils if the flow moved across, and 
incorporated, soft marine strata. In such an event any included fossil 
material is likely to be restricted to the base of the deposit.
2. Subaqueous volcaniclastic rocks typically occur as massive to 
graded sedimentation units of variable thickness but the grading 
differs from that typical of subaerial pyroclastic flow deposits. Grading 
in subaerial pyroclastic flows involves only the coarser fraction rather 
than the entire grain size population and, where developed, usually 
produces a basal concentration of denser lithic fragments and a 
concentration of lighter pumice at the top of the flow. In contrast 
grading, where developed in the subaqueous Devils Pulpit Member, 
involves the entire grain size population. Lithic fragments are 
concentrated near the base, as in pyroclastic flow deposits, but above 
this the subaqueous sedimentation units are normally graded into 
fine-grained pumice-poor detritus (see Units 2, 3 and 4).
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3. The development of diffuse bedding, while not common in the 
Devils Pulpit Member, is a feature that generally does not occur in 
subaerial pyroclastic flow deposits.
4. Some, although not all, subaqueous sedimentation units are 
composed of much better sorted and crystal-rich detritus than is found 
in typical subaerial pyroclastic flow deposits. The coarse-grained 
portion of the graded volcanic sandstone beds contain at least 45% 
crystal fragments, an amount that is considerably higher than the 
majority of primary pyroclastic flow deposits. The bimodal tuffaceous 
sandstone beds in the Devils Pulpit Member also differ from typical 
pyroclastic flow deposits in that they contain a matrix of well sorted 
volcanic sand rather than the vitric-rich fine ash-sized particles that 
constitutes the matrix of pyroclastic flow deposits.
The differences listed above, between subaqueous volcaniclastic 
rocks and subaerial pyroclastic flow deposits, reflect the operation of 
processes within the shallow marine environment on detritus deposited near 
the shoreline either by pyroclastic flows or rivers. These processes include 
winnowing of fine ash from the top of deposits or remobilised material, 
development of grading within water-supported flows and incorporation of 
shelly sediment from the substrate. Recognition of the differences between 
subaerial and subaqueous volcaniclastics, albeit slight in some cases, has 
important implications for palaeogeographic studies and mineral exploration 
in ancient volcanic sequences.
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CHAPTER 5
THE KERILLON TUFF MEMBER OF THE TANGERANG
FORMATION
5.1 INTRODUCTION
The Kerillon Tuff Member is a newly defined subaerial volcaniclastic 
sequence that occurs towards the top of the Tangerang Formation. It is best 
exposed in the Tangerang Creek area, but has also been recognised farther 
south at Brisbane Meadows and Lumley Park and within a previously 
undifferentiated portion of the Bindook Volcanic Complex in the Big Hill 
area, approximately 20 km north of Marulan (Fig. 5.1). The type section for 
the Kerillon Tuff Member has been defined in the north branch of Tangerang 
Creek and the unit is named after the nearby Kerillon Creek (Fig. 2.5).
In the area between Tangerang Creek and i_umley Park the Kerillon 
Tuff Member is divisible into two compositionally distinct (Appendix 3) 
volcaniclastic units which are separated by a northward thinning wedge of 
quartz sandstone. Unit 1 consists of rhyolitic coarse- to fine-grained 
volcaniclastic rocks with a maximum thickness of 160 m in the Tangerang 
Creek area (Fig. 5.2). These rocks are overlain by multiple lithic-rich and 
lithic-poor volcaniclastic beds of dacitic composition, comprising Unit 2.
In the Tangerang Creek area the Kerillon Tuff Member has a 
maximum thickness of 530 m (Fig. 5.2, south branch of Tangerang Creek) 
and can be traced for 5.5 km between the contact with the Glenrock 
Granodiorite in the north and Jerrara Creek in the south (Fig. 2.5). In this 
area it overlies a thick sequence of deltaic crystal-vitric siltstone that occurs 
above fossiliferous marine tuffaceous sandstone (Chapter 3.3.3). The 
Kerillon Tuff Member is conformably overlain by the feldspathic Kerrawarra 
Dacite Member (Chapter 6.3) except where erosion, that occurred prior to
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eruption of the Barrallier Ignimbrite (Chapter 7.5), has removed the 
Kerrawarra Dacite Member and large parts of the Kerillon Tuff Member.
In the Brisbane Meadows area (Fig. 5.3), and as far south as Lumley 
Park, small isolated pods of Unit 1 are enclosed by fluvial quartz sandstone. 
Unit 2 in this area occurs as small pods enclosed in the Came Dacite 
Member. The Kerillon Tuff Member at Lumley Park has a lensoidal geometry 
(Fig. 5.4) and overlies fluvio-lacustrine quartz sandstone and shale. In this 
area the Kerillon Tuff Member consists of a thin remnant of Unit 1 that is 
overlain by up to 625 m of Unit 2 volcaniclastic rocks.
At Big Hill (Figs 2.3, 2.4 and 5.1) only Unit 2 has been recognised 
forming the base of a regional south plunging synclinal sequence. These 
rocks can be traced for 20 km along the eastern limb of the syncline from 
the Tarlo River to Brayton but are separated by 12.5 km of younger rocks 
from the Tangerang Creek exposures. Unit 2 at Big Hill is in the order of 
550 m (western limb) to approximately 2000 m thick (eastern limb) and is, 
therefore, substantially thicker than the Unit 2 exposures farther south in the 
Tangerang Formation. Depositional environments existing prior to eruption 
of the Kerillon Tuff Member in the Big Hill area are unknown, as basal 
contacts with older rocks are entirely obscured by intrusion of the Marulan 
Batholith.
The landscape immediately prior to Kerillon Tuff Member volcanism is 
therefore considered to be largely subaerial, dominated by rivers flowing 
towards the southeast, depositing large quantities of quartz sand, 
presumably derived from eroded Ordovician rocks exposed on the basin 
margin. This landscape, however, was punctuated by the existence of large 
lakes or restricted shallow marine embayments in which either shale or fine­
grained volcaniclastic rocks accumulated as mass-flow deposits or deltaic 
deposits respectively.
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The present exposure of the Kerilion Tuff Member is interpreted as an 
erosional remnant of an originally extensive sequence. Whilst recognising 
the limitations imposed by the patchy preservation of the Kerilion Tuff 
Member the aims of this chapter are three-fold:
1. to document the facies characteristics of the two Kerilion Tuff 
Member units;
2. to evaluate whether each unit is an entirely subaerial deposit, as 
has been suggested from the enclosing sedimentary rocks, and if so, 
to compare the facies characteristics with those of definite marine 
volcaniclastic rocks;
3. to establish as far as possible the nature of volcanic activity and an 
eruptive history for each unit.
Sixty three modal analyses of representative pyroclastic lithologies 
from the Big Hill, Tangerang Creek, Brisbane Meadows and Lumley Park 
areas are listed in Appendix 5 and are shown diagrammatically in 
Figure 5.5.
5.2 UNIT 1: RHYOLITIC VOLCANICLASTIC ROCKS
5.2.1 Definition of Unit 1
Unit 1 is a sequence of rhyolitic accretionary lapilli-bearing 
volcaniclastic rocks, composed predominantly of pyroclastic detritus, that 
has been recognised only in the Tangerang Creek area (Figs 2.5 and 5.6) 
and as small isolated pods between Tangerang Creek and Lumley Park, a 
distance of 16 km. The base of Unit 1 is defined as the occurrence of 
massive volcaniclastic rocks overlying either tuffaceous siltstone in 
Tangerang Creek or quartz sandstone and shale farther south. A series of 
stratigraphic columns through Unit 1 in the Tangerang Creek area is shown 
in Figure 5.7. Unit 1 has a maximum thickness of approximately 160 m, 
and the measured sections show between 75 m and 130 m of this
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stratigraphy. The channel-like form displayed by the quartz sandstone 
overlying Unit 1 (Fig. 5.7) near Tangerang Creek is interpretative, based on 
cross-cutting relationships and removal of a distinctive accretionary lapilli- 
bearing bed from the top of the unit. Large amounts of mixing between the 
volcaniclastic rocks and quartz sandstone are not apparent but Unit 1 
locally contains abundant quartz sandstone clasts; volcanic clasts are only 
an important constituent in a few discontinuous conglomerate bands within 
quartz sandstone overlying Unit 1.
Unit 1 is divisible into three distinct facies in the area between 
Tangerang and Jerrara Creeks (Fig. 5.7):
Facies 1: medium-grained massive deposits that occur at the base of 
Unit 1;
Facies 2: a thick interval comprising one or more graded beds 
characterised by accretionary lapilli; and
Facies 3: a thin diffusely to well bedded fine-grained interval at the top 
of Unit 1.
5.2.2 Facies character
1- Facies 1: medium-grained volcaniclastic rocks: The lower facies of 
Unit 1 is generally poorly exposed but consists of up to 35 m medium­
grained volcaniclastic rocks (Fig. 5.7). In the area north of Jerrara Creek, 
facies 1 is divisible into two individual beds but elsewhere only one bed has 
been recognised. Contacts with the underlying quartz sandstone or crystal- 
vitric siltstone and the overlying facies 2 of Unit 1 are not exposed. 
Facies 1 is poorly sorted and generally massive although diffuse layering 
has been observed in Tangerang Creek. Normal grading is only obvious at 
the top of facies 1 in better exposed areas such as Tangerang Creek.
Facies 1 is composed largely of ash- to lapilli-sized pyroclasts; quartz 
and feldspar crystal fragments, fine-grained volcanic and quartz sandstone
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fragments, pumice shreds visible only in thin section and very fine-grained 
matrix material which is non-welded. Crystal content varies considerably 
along the length of the facies from approximately 35% in Tangerang Creek 
to approximately 55% south of Kerillon Creek. At outcrop scale facies 1 is 
visually better sorted in the areas south of Kerillon Creek than in Tangerang 
Creek. Subangular to subrounded lithic fragments are less than 3 cm 
across and constitute up to 10% of the rock. The lithic fragments remain 
approximately constant in size and abundance throughout the facies except 
for the top few metres which are normally graded.
2. Facies 2: massive accretionarv laDilli-bearina volcaniclastic rocks: The 
second facies of volcaniclastic rocks in Unit 1 is up to 100 m thick and is 
graded with respect to lithic fragments which are concentrated towards the 
base and accretionary lapilli which are concentrated towards the top. In 
some sections within this interval, individual thick beds are poorly defined 
(Fig. 5.7) by a slight increase in lithic size and abundance at the inferred 
bed base. Outcrop is rarely continuous, but sharp breaks marked by finer 
grained deposits have not been found within the sequence.
The facies 2 sequence is composed of variable proportions of quartz, 
plagioclase and K-feldspar crystal fragments and lithic fragments set in a 
recrystallised matrix of cherty material that includes small wispy pumice 
shreds and non-welded relict glass shards (Figs 5.5a, 5.5c to 5.5f, 5.8a and 
5.8b).
Facies 2 is moderately crystal-rich throughout; the majority of 
samples containing between 30 and 40% crystals. The crystal component 
consists mainly of fragments which display a wide range in both grain size 
and degree of angularity. Crystal fragments range from <0.05 mm to 3 mm 
in maximum dimension in the basal part of the facies and from <0.05 mm to 
2 mm across higher in the sequence. A substantial proportion of grains
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throughout facies 2, however, are smaller than 1 mm. The majority of 
crystal fragments are angular (Figs 5.8a and 5.8b) but all samples include 
a proportion of subrounded quartz grains, possibly reflecting magmatic 
resorption.
Angular to subrounded volcanic and sedimentary lithic fragments are 
concentrated near the base of facies 2. Quartz sandstone fragments are 
conspicuous (Fig. 5.5f), reflecting erosion of underlying quartz sandstone or 
Ordovician turbidite deposits during deposition of the volcaniclastic rocks. 
Lithic fragments at the base of facies 2 are up to 8 cm in maximum 
diameter but most fragments are smaller than 3 cm across. They diminish in 
size and abundance up sequence, rarely exceeding 2 cm in diameter in the 
finer grained upper part of the facies. Lithic fragments are particularly 
concentrated near the base of facies 2 in section E (Figs 5.7 and 5.8c), 
where they consist mainly of large subrounded to rounded quartz sandstone 
fragments. Lithic abundance in this particular outcrop is unusually high, 
estimated to be 30% over the basal 1 m, whereas elsewhere visual field 
estimates of lithic content rarely exceed 5%. The mixture of sedimentary and 
volcanic lithic fragments near the base qf facies 2 in section E (Fig. 5.7) 
and the isolated occurrence of this phenomenon, suggest their localised 
incorporation during transport of the pyroclastic detritus.
Large pumice lapilli are absent from facies 2 although small 
fragments of tube pumice and wispy chloritised fragments interpreted as 
pumice, are common in thin sections (Fig. 5.8b).
The vertical decrease in size and abundance of lithic fragments and 
slight decrease in grain size of crystal fragments is best developed near the 
top of the facies and is illustrated by the modal vitric-crystal-lithic diagram 
(Fig. 5.5a), which indicates a strong up sequence movement away from the 
lithic pole and a shift towards the vitric pole. The second major up sequence 
development within facies 2 is the inclusion of accretionary lapilli, up to
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20 mm long, mainly within the finer grained top of the facies (Fig. 5.8d). In 
both branches of Tangerang Creek (Figs 5.6 and 5.7), accretionary lapilli 
are a volumetrically minor component but occur as individual lapilli scattered 
over the uppermost 30 m. In sections B and D (Fig. 5.7) accretionary 
lapilli mainly occur in the top 10 m, immediately below facies 3, but rare 
scattered lapilli also occur lower in the coarser grained part of the sequence. 
Elsewhere, the finer grained portion of facies 2 does not crop out or has 
been removed by erosion prior to the deposition of the overlying quartz 
sandstone or younger volcanics.
Accretionary lapilli in facies 2 are largely intact (Fig. 5.8d), although 
rare broken rind fragments occur and slight abrasion in the form of partial in 
situ rind removal is evident. In the northern branch of Tangerang Creek, the 
average of the five largest accretionary lapilli have a length to breadth ratio 
of 2.4 in the middle of facies 2 and a ratio of 1.9 near the top. Accretionary 
lapilli increase in abundance but decrease slightly in size towards the top of 
facies 2.
Pods of Unit 1 that occur sporadically within quartz sandstone to the 
south of the Tangerang Creek area consist of fine-grained lithic-poor 
volcaniclastic rocks, similar to those at the top of the second facies in the 
Tangerang Creek area. These volcaniclastic rocks fine slightly towards the 
most distal exposures at Lumley Park where massive fine-grained and 
crystal-poor rocks contain scattered accretionary lapilli up to 1.5 cm in 
diameter, some of which are plastically deformed. The isolated pods of 
Unit 1 are interpreted as remnants of a once continuous sheet, the 
remainder of which was presumably removed prior to, or during, influx of 
fluvial quartz sands.
3. Facies 3: bedded fine-grained volcaniclastic rocks: The third facies is 
preserved as intervals up to 5 m thick at the top of Unit 1 (Fig. 5.7). It
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maintains an approximately constant thickness over its limited length of 
exposure. Facies 3 consists of fine-grained, diffusely bedded to thinly 
laminated volcaniclastic rocks that are composed entirely of fresh pyroclastic 
fragments: relict shards and pumice shreds, crystal fragments and very fine­
grained matrix. The boundary between facies 2 and 3 is not exposed but is 
marked by the appearance of bedding, including beds rich in accretionary 
lapilli, and a gradual decrease in grain size.
In the northern branch of Tangerang Creek the accretionary lapilli- 
bearing volcaniclastic rocks of facies 2 are overlain by diffusely bedded, 
alternating fine- and coarse-grained facies 3 beds which are up to 5 cm 
thick and contain accretionary lapilli-rich horizons (Fig. 5.8e). The top few 
centimetres of facies 3 in this area consists of extremely fine-grained 
laminated detritus. Exposures of facies 3 elsewhere at the top of Unit 1 
grade vertically from poorly defined beds up to 3 cm thick at the base, into 
thinly laminated finer grained material. Laminae, which are less than 5 mm 
apart, are generally planar and continuous. They are defined by alternating 
slightly coarser grained beds, which are richer in crystal fragments, and very 
fine-grained shard-rich beds. Grain size, crystal content, accretionary lapilli 
and the spacing of laminae decrease towards the top of facies 3 producing 
a well sorted deposit.
Crystal fragments in the coarser grained, comparatively poorly sorted 
beds range up to 1 mm in maximum diameter and pumice fragments are up 
to 2 mm long. In contrast, the maximum fragment size is 0.5 mm in the very 
fine-grained beds. In the area between Kerillon and Jerrara Creeks small 
scours, cross-lamination and convolute beds occur within facies 3.
Accretionary lapilli, up to 16 mm long and with length to breadth 
ratios between 1.9 and 2.2, are restricted to the lower part of facies 3, 
although tiny ash concretions up to 1.5 mm across have been identified in 
one very fine-grained exposure higher in the sequence. Ellipsoidal
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accretionary lapilli are generally concentrated in layers within individual 
beds and are aligned parallel to bedding. The cores of the accretionary 
lapilli are similar to the fine-grained matrix material (Fig. 5.8f). The majority 
of the accretionary lapilli consist of a core surrounded by a single fine­
grained rim but some lapilli display two or more zones of accretion. Outer 
rinds are commonly broken and rind fragments occur throughout the matrix.
5.2.3 Facies Interpretation
Facies 1 of Unit 1 at the base of the entire Kerillon Tuff Member is 
very poorly preserved and its mode of emplacement and depositional 
environment cannot be established confidently. It consists almost entirely of 
pyroclastic detritus and due to its stratigraphic position above fluvio- 
lacustrine quartzose sediments and water-lain tuffaceous sediments, 
emplacement as either subaerial pyroclastic flow deposits or as subaqueous 
redeposited detritus akin to the Devils Pulpit Member are equally plausible. 
Many of the characteristics of facies 1, including its mainly massive 
character, poor sorting and non-welded vitric component, are equally 
compatible with a primary pyroclastic or redeposited origin. Factors which 
favour facies 1 as a primary pyroclastic flow deposit are equivocal and 
include the lack of marine fossils, the overall trend in this part of the 
Tangerang Formation towards subaerial depositional environments and the 
absence of any systematic crystal enrichment such as that documented for 
parts of the Devils Pulpit Member. Against this, features such as the 
abnormally high crystal content in parts of facies 1 and development of 
normal grading of the entire grain size population at the top of beds are at 
variance with typical pyroclastic flow deposits and are more consistent with 
subaqueous redeposition of the detritus. This particularly applies to facies 1 
south of Kerillon Creek where the pyroclastic detritus has been modified to 
produce a better sorted crystal-rich deposit. Sorting of the detritus may have
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occurred, however, in either a subaqueous environment or by sheetwash or 
aeolian winnowing in a non-marine setting.
Facies 2 differs from facies 1 in several ways: it contains 
accretionary lapilli; the crystal content is approximately constant throughout 
the facies (30-40%); anc) lithic fragments are more consistently concentrated 
near the base of beds. Apart from the occurrence of accretionary lapilli and 
absence of fossils, facies 2 also differs from subaqueous redeposited 
volcaniclastic units in the Devils Pulpit Member in terms of the nature of 
grading. Grading in facies 2 is restricted largely to the upsequence 
decrease in the size and abundance of lithic fragments although crystal size 
also diminishes slightly near the top. This contrasts with many of the Devils 
Pulpit Member units which are either entirely non-graded or are normally 
graded over the entire grain size population.
Although the origin of facies 1 remains enigmatic, despite evidence 
of mechanical sorting, the character of facies 2 favours its interpretation as a 
non-welded subaerial ignimbrite. In addition the facies displays features that 
are similar to better exposed sequences interpreted in the literature as the 
products of large phreatomagmatic eruptions. No evidence has been found 
within facies 2 of subaqueous emplacement of the pyroclastic detritus. If 
shallow marine conditions did persist in any of the area covered by Unit 1 it 
is likely that water depths were sufficiently shallow that emplacement of thick 
pyroclastic flows displaced the shoreline some distance basinwards.
Evidence found within facies 2 indicating that external water came 
into contact with a vesiculating magma includes the large thickness of 
entirely non-welded, low-grade ignimbrite (Walker 1983), the high degree 
of fragmentation resulting in fine grain size of many of the pyroclasts, and the 
presence of accretionary lapilli. The absence of welding throughout 
facies 2, even where the ignimbrite is more than 50 m thick, is consistent 
with water cooling of the magma (Walker 1983) to produce cool but dry
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pyroclastic flows (Sheridan and Wohletz 1981, 1983). Phreatomagmatic 
deposits are characterised by fine grain size and a high degree of 
fragmentation (Self and Sparks 1978; Self 1983). The high proportion of 
crystal fragments smaller than 1 mm and the absence of pumice lapilli 
larger than 4 mm in the facies 2 ignimbrite, suggest highly explosive 
eruptions.
Individual accretionary lapilli are a conspicuous component of the 
upper part of facies 2 (Fig. 5.8d). Accretionary lapilli reported previously in 
ignimbrite units are mainly concentrated within gas segregation pipes 
(W alker 1971; W right et al. 1980) or in ash-fall tuff intraclasts 
(McPhie 1986). Two examples of ignimbrites containing isolated 
accretionary lapilli, however, have recently been documented in the 
Pleistocene Wairakei Formation, New Zealand (Self 1983; Self and Healy 
1987) and the Late Carboniferous Cana Creek Tuff, NSW (McPhie 1986); 
both are examples of large magnitude silicic phreatomagmatic eruptions. 
Single accretionary lapilli incorporated into ignimbrite were most likely 
formed in large ash clouds, either associated with the eruption column, or 
over-riding the moving pyroclastic flows (Walker 1981 a; Self 1983; 
McPhie 1986).
The moisture required to form accretionary lapilli may have been 
derived from large volumes of condensing steam in the atmosphere 
resulting from the phreatomagmatic eruption, as is the case in the Wairakei 
Formation and Cana Creek Tuff, or from rain flushing of the ash cloud by 
localised storm activity during the course of the eruption (Walker 1971, 
1981b). Deposits produced as a result of rain flushing should have a 
localised development and one that may be unrelated to vent position 
(Walker 1981b). The restricted extent of facies 2, however, precludes 
distinction between a rain-flushed or phreatomagmatic origin for the 
accretionary lapilli on the basis of their distribution.
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Fades 3 consists of poorly to well sorted coarse- to fine-grained beds 
at the base, grading up into fine-grained well sorted and thinly laminated 
deposits at the top. It is entirely composed of fine-grained juvenile volcanic 
fragments and contains abundant accretionary lapilli. On the basis of these 
features and the relatively poor sorting of the coarser grained beds (Self and 
Sparks 1978; Walker 1981c) facies 3 is interpreted as a thin sequence of 
phreatomagmatic ash-fall beds.
Other features of phreatomagmatic ash-fall deposits, such as wide 
dispersal area and small variation in grain size over this area (Self and 
Sparks 1978; Walker 1981 d; Self 1983), cannot be assessed due to the 
limited distribution of Unit 1. Similar deposits, however, may be produced 
by wholesale rain flushing of large volumes of ash lingering in the 
atmosphere after the emplacement of the underlying ignimbrite. A 
contribution of co-ignimbrite ash, derived from fine ash clouds associated 
with pyroclastic flows (Sparks and Walker 1977; Walker 1981a) or from 
secondary explosions where pyroclastic flows entered water (Walker 1979, 
1981b), could also be important. The delicately laminated top few 
centimetres of facies 3, exposed in Tangerang Creek, is very fine-grained 
and crystal-poor and represents gradual settling of the dust from either a 
phreatoplinian ash cloud or residual fine ash remaining in the atmosphere. 
Cross-laminae and scours developed in the sequence south of Kerillon 
Creek indicate minor reworking of the ash either in lakes or by sheetwash.
Recent studies of modern phreatomagmatic deposits in New Zealand 
(Walker 1981c; Self 1983; Self and Healy 1987) have noted widespread 
evidence of erosion between ash layers separated by short time intervals, in 
some cases as little as a few weeks. Large volumes of heavy rain, 
associated with the water-rich ash clouds, have been invoked by these 
authors to explain rapid gullying of parts of these phreatomagmatic ash 
sequences. It is therefore reasonable to suppose, but not possible to
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demonstrate, that removal of parts of the facies 1 deposits and facies 3 
ash-fall tuff may have occurred during eruptive activity.
5.2.4 Eruption of Unit 1
Reconstruction of the eruption of Unit 1 of the Kerillon Tuff Member is 
hampered by the inability to estimate the original extent and hence the 
volume of the pyroclastic deposits. This in turn precludes realistic estimates 
of the magnitude of the eruption (Walker 1981b; McPhie 1986).
The position of the source volcanoes for Unit 1 is also unknown and 
definitive facies such as co-ignimbrite lag breccias or redeposited 
volcaniclastic material, which may indicate position relative to source, have 
not been identified. The absence of coarser grained ignimbrite in the Unit 1 
remnants south of Jerrara Creek and the slight decrease in grain size of the 
facies 2 ignimbrite towards the southern exposures, suggest a source area 
north of the present exposures. The most likely source area for Unit 1 is to 
the north or east of Marulan, in the area covered by younger Bindook 
Volcanic Complex, Marulan Batholith or Sydney Basin rocks. A source area 
somewhere north or east of Marulan implies flow distances of at least 25 km 
between source and the southern extent of Unit 1 exposure.
The source of external water that interacted with the magma has not 
been identified. Lacustrine deposits immediately below Unit 1 indicate the 
development of lakes in the Marulan to Lumley Park area and these may 
also have occurred closer to source. Alternatively, a shallow marine 
environment similar to that existing during emplacement of the Devils Pulpit 
Member and associated sedimentary rocks may have persisted longer in the 
source area, providing a large reservoir of external water.
An important control on the nature of the products of phreatomagmatic 
eruptions is variation in the water to magma mass ratio. Changes in eruption 
history may be linked to fluctuations in this ratio (Sheridan and Wohletz
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1981; Self 1983), as in the case of the change from a magmatic to phreatic 
eruption documented for the AD79 eruption of Vesuvius (Sheridan et al. 
1981). A change in the water to magma mass ratio may account for up 
sequence trend into slightly finer grained accretionary lapilli-bearing 
ignimbrite in facies 2 of ¡Unit 1. This may record a change from an initial low 
water to magma mass ratio early in the eruption to subsequent higher ratios 
as water accessed the vent during the course of the eruption (Sheridan and 
Wohletz 1981), thus leading to an increase in superheating and magma 
fragmentation (Wohletz 1983). The pyroclastic flows produced during the 
latter stages of the eruption were cooled and vapour expanded (cf. dry 
surges, Sheridan and Wohletz 1981), containing superheated steam which 
escaped as the flow moved away from vent. Formation of accretionary lapilli 
probably occurred within steam-laden ash clouds associated with the 
moving pyroclastic flow, as exsolved steam began to condense (cf. Cana 
Creek Tuff, McPhie 1986). Condensation of steam may also result in the 
formation of very wet pyroclastic deposits that may be remobilised as lahars 
or slurry flows (Sheridan and Wohletz 1981), although the deposits of these 
processes have not been observed in Unit 1.
A proposed sequence of events for the eruption of Unit 1 is outlined
below.
1. Initial phreatomagmatic eruption and rapid column collapse formed the 
medium-grained pyroclastic detritus in facies 1, which was probably 
emplaced as an ignimbrite but subsequently was either partly redeposited in 
a subaqueous environment or was reworked in a non-marine environment. If 
phreatoplinian deposits were formed prior to collapse of the eruption 
column, either they have been removed rapidly by erosion or they have not 
been identified at the poorly exposed base of Unit 1. Removal of facies 1 
between Tangerang Creek and Kerillon Creek suggests a break in the
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course of the eruption but this may have been very short-lived, as little as 
days or weeks (McPhie 1986).
2. Possible reduction in the amount of water accessing the vent leading to 
eruption of the facies 2 ignimbrite, probably fragmented largely by 
magmatic processes (Self and Sparks 1978), although the degree of 
fragmentation of crystals and pumice is high throughout Unit 1. A large 
proportion of the lithic fraction in facies 2 are accessory/accidental 
fragments, either eroded from strata through which the magma passed, or 
incorporated into the ignimbrite as it moved over older volcanic and 
sedimentary substrate rocks.
3. Increased contact of water with the magma as the eruption progressed is 
indicated by the up sequence decrease in grain size and increase in the 
abundance of accretionary lapilli.
4. Ash-fall tuffs of facies 3 may reflect renewed eruptive activity involving 
reinstatement of a convecting column but are more likely to be ash deposits 
associated with the underlying facies 2 ignimbrite. Ash-fall from large ash 
clouds associated with the eruption column and with the ignimbrite itself may 
have been aided by rain flushing to produce accretionary lapilli-bearing 
relatively poorly sorted deposits. The fine-grained top of the ash-fall tuff, 
however, probably accumulated slowly from residual airborne ash and in 
places has been partially removed by fluvial processes.
Recent studies (Self 1983; McPhie 1986; Self and Healy 1987) 
indicate the importance of reworked pyroclastic deposits closely associated 
with primary pyroclastic facies in phreatomagmatic sequences. Large 
amounts of water directly associated with the eruption, condensing from 
steam-laden ash clouds or from storm activity, favour rapid movement of 
juvenile debris from near-vent areas to be redeposited in medial to distal 
areas (Sheridan and Wohletz 1981; McPhie 1986). Associated reworked 
facies have not been found in Unit 1 of the Kerillon Tuff Member. This may
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merely reflect the small portion of the original sequence that is preserved or 
it may indicate that the present exposures are in a proximal area with more 
distal equivalents either not preserved or exposed.
5.3 UNIT 2: DAC1TIC VOLCANICLASTIC ROCKS
5.3.1 Definition of Unit 2
Unit 2 is composed of dacitic pyroclasts and occurs as a series of 
discontinuous exposures between Big Hill and Lumley Park (Fig. 5.1), a 
distance of 50 km. Unit 2 is volumetrically the major part of the Kerillon Tuff 
Member and thickness varies widely between the areas of exposure from a 
maximum of approximately 2000 m in the Big Hill area to blocks several 
tens of metres across at Brisbane Meadows. The main characteristics of 
Unit 2 in each of the four areas of exposure at Big Hill, Tangerang Creek, 
Brisbane Meadows and Lumley Park, are summarised in Table 5.1. Despite 
major volume differences, correlation between the various Unit 2 
occurrences can be demonstrated by similarities in outcrop character, the 
nature and abundance of components and the inclusion of abundant large 
accidental dacitic clasts which are restricted to this unit of the Tangerang 
Formation. Apart from chemical composition, Unit 2 differs from the 
underlying Unit 1 in terms of phenocryst proportions and the nature of the 
lithic component. Unit 1 displays a higher quartz to feldspar ratio compared 
with most of Unit 2 (Figs 5.5c to 5.5e) and is characterised by a higher 
proportion of sedimentary lithic fragments but negligible dense dacitic clasts 
(Fig. 5.5g).
5.3.2 Facies character of the Unit 2 volcaniclastic rocks
Unit 2 is composed of variable proportions of crystal and lithic 
fragments and chloritised pumice clasts set in a finely recrystallised matrix of 
devitrified ash, including rarely resolvable relict glass shards (Figs 5.5b
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to 5.5e). Accretionary lapilli are a rare constituent. Pervasive chloritic 
alteration has partially replaced much of the original relict shard, pumice and 
glassy lithic component in many outcrops.
Unit 2 varies considerably in thickness over the length of the Kerillon 
Tuff Member but the four areas of exposure are lithologically similar. In all 
areas Unit 2 consists predominantly of thick (commonly in the order of 
50 m) beds of coarse-grained volcaniclastic rocks which are interbedded 
with thin, often discontinuous, finer grained horizons. In the southern 
exposures of the Kerillon Tuff Member the sequence also includes intervals 
of tuffaceous sandstone. The major characteristics of each of these three 
lithologies are outlined below and interpreted in Chapter 5.3.3. Lateral 
variations in the Unit 2 sequence are described in Chapter 5.3.4.
1. Coarse-grained volcaniclastic rocks in Unit 2 : Beds of coarse-grained 
pyroclastic detritus are the dominant lithology in Unit 2 and range in 
thickness from 2 m to 50 m in the area south of Marulan (e.g. Figs 5.9 and 
5.10) but may be as thick as 200 m at Big Hill. The pyroclastic detritus is 
unsorted and generally massive, although a foliation defined by flattened 
pumice clasts (Figs 5.8g and 5.8h) is locally developed and particularly 
conspicuous towards the top of individual beds. Bed bases are poorly 
exposed but are generally marked by higher concentrations of angular lithic 
fragments than occur elsewhere in the bed (Fig. 5.11a). Coarse-tail and 
density grading are characteristic of many beds resulting in a relatively lithic- 
rich base and lithic-poor but pumice-rich top.
In many beds the larger lithic fragments are dispersed over at least 
several metres at the base of the bed but well defined layers of matrix- 
supported lithic breccias containing very abundant large fragments have 
also been noted (Fig. 5.11b). Lithic abundance in the breccia layers is 
typically 30% as opposed to concentrations less than 20% elsewhere at bed
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bases and less than 5% at bed tops. The lithic breccias are normally graded 
over 1 to 15 m into less lithic-rich material and have generally not been 
traced far laterally. A well exposed lithic breccia layer in Tangerang Creek 
has been traced for 250 m and confidently correlated with another breccia 
occurrence 900 m to the north. Most of the breccia occurrences are 
structureless but one in Tangerang Creek displays a poorly developed 
layering involving crude alignment of clasts. Fragments in the lithic breccia 
layers are mainly angular and up to 40 cm across (Fig. 5.11c) and in all 
areas the largest fragments are porphyritic dacite that is petrographically 
similar to the Came Dacite (Fig. 5.11 d).
The lithic component of the coarse-grained volcaniclastic rocks is 
dominated by volcanic fragments (Fig. 5.5f) with a variable chert fraction 
and negligible sedimentary fragments. Chert is isolated as a separate pole 
in modal diagrams because it may equally have been derived from an older 
sedimentary source or from contemporaneous fine-grained volcanic rocks, 
although the latter is considered more likely. The volcanic lithic component 
includes fragments of porphyritic dacite, fine-grained quartzo-feldspathic 
volcanic rocks, ash-sized material, feldspathic volcanic rocks and lesser 
amounts of chloritised former glassy material (Appendix 5).
Vertical variations in lithic fragment type and abundance occur in the 
Tangerang Creek area. The lithic fraction at the base of Unit 2 is dominated 
by fine-grained quartz-feldspar tuff and ash fragments up to 7 cm in 
diameter, both of which closely resemble the underlying Unit 1 lithologies. 
Lithic fragments increase in abundance in the upper half of Unit 2 and are 
dominated by large angular porphyritic dacite clasts (Figs 5.5f and 5.5g 
and Appendix 5). With the exception of lithic breccia outcrops, lithic 
fragments are up to 10 cm across in the basal parts of beds and 
approximately 2 cm in diameter at the top (Fig. 5.9). Porphyritic dacite 
clasts also dominate the lithic fraction throughout Unit 2 at Big Hill, Brisbane
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Meadows and Lumley Park. The iithic content in the Big Hill exposures, 
however, is inconspicuous except for localised concentrations at the base of 
thick beds.
Coarse-grained volcaniclastic rocks in Unit 2 are generally crystal- 
rich with modal crystal contents ranging from 18% in very lithic-rich rocks to 
49% in lithic-poor samples (Figs 5.5, 5.11e and Appendix 5). The crystal 
component consists of complete embayed phenocrysts, up to 5 mm 
maximum diameter, and angular to subrounded fragments of quartz and 
extensively sericitised feldspar. Subrounded grains of quartz occurring 
within a dominantly angular population probably reflect magmatic resorption 
prior to eruption. A fragmental origin is indicated for the feldspar component 
by the occurrence of rare fresh grains of plagioclase displaying truncated 
compositional zoning (Fig. 5.11 f) . Quartz and feldspar phenocrysts are 
accompanied by subordinate percentages of relict ferromagnesian phases 
(Fig. 5.5e), which are completely replaced by chlorite and tremolite- 
actinolite.
The vitric component is completely devitrified and variably 
recrystallised. Relict glass shards are rarely visible, but in several samples 
are replaced and highlighted by chlorite. Pumiceous fragments, in some 
instances retaining vesicularity despite alteration, are also largely replaced 
by chlorite (Fig. 5.11e). They are usually moderately porphyritic containing 
phenocrysts of altered feldspar, quartz and rare mafic grains. In many less 
altered samples, particularly above the basal lithic-rich zone, pumice and 
shard forms define a strong foliation reminiscent of a welded texture 
(Fig. 5.12a). Whilst alteration and devitrification have obscured clear 
evidence of plastically deformed shards in many outcrops south of Marulan, 
clear densely welded textures are preserved in many less altered rocks at 
Big Hill. The widespread occurrence of definitive welding in the Big Hill 
rocks in addition to isolated preservation of welded textures from the three
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southern areas, suggests that a large proportion of Unit 2 is likely to be 
densely welded.
Accretionary lapilli are a rare constituent of Unit 2 in the Tangerang 
Creek and Lumley Park areas (Figs 5.9 and 5.10). They are most 
conspicuous at the basp of Unit 2 in the south branch of Tangerang Creek, 
where they occur in discontinuous lenses and individually within two coarse­
grained volcaniclastic beds. The top of one of these beds is marked by a
0.5 m thick zone containing rare single accretionary lapilli, up to 12 mm 
long, and thin fine-grained volcaniclastic lenses. Accretionary lapilli are 
relatively abundant in thin finer grained intervening beds in the same part of 
this sequence. Elsewhere in the Tangerang Creek area and at Lumley Park, 
accretionary lapilli are typically found as rare scattered individual lapilli 
within coarse-grained volcaniclastic beds that either directly overlie or are 
closely associated with accretionary lapilli-bearing finer grained beds.
2. Fine-grained volcaniclastic rocks in Unit 2 : Fine-grained volcaniclastic 
rocks are a volumetrically minor component of Unit 2, occurring mainly as 
thin intervals between coarser grained volcaniclastic beds. Both the 
proportion and the thickness of fine-grained volcaniclastic rocks in Unit 2 
increase from Big Hill to Lumley Park. A variety of deposits has been 
recognised including fine-grained massive or finely laminated deposits more 
than 20 cm thick and coarser grained massive or well bedded intervals up 
to 10 m thick.
All of the fine-grained volcaniclastic occurrences are composed of 
unresolvable ash-sized material, rare pumiceous fragments, sparse lithic 
fragments and a variable crystal content (up to 20%). Lithic fragments, 
smaller than 1 mm, are a minor component and tend to be almost entirely of 
volcanic derivation. The vitric component is poorly preserved and clear relict 
glass shard forms are not discernible. Wispy chloritised lenses, up to 1 mm
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long, are interpreted as small pumice fragments. Angular fragments of quartz 
and feldspar range in their maximum dimension from 0.05 mm to 
approximately 1 mm, although rare beds with crystals larger than 1 mm 
across are interbedded near the top of some coarser grained beds.
Intervals of fine-grained well sorted material, generally less than 1 m 
thick, occur at the top of several coarse-grained beds. These thin intervals 
contain a large amount of fine-grained devitrified vitric material and very low 
crystal contents. Most occurrences display a fine continuous planar 
lamination spaced at 5 mm or less. Small flattened, but intact, accretionary 
lapilli have been found in several horizons. A single finely laminated 
exposure in Tangerang Creek, approximately 0.5 m thick, displays low 
angle cross-bedding indicating transport from the north (Fig. 5.12b).
Fine-grained and minor medium-grained bedded intervals, up to 5 m 
thick, occur in the Tangerang Creek, Brisbane Meadows and Lumley Park 
areas (Figs 5.9 and 5.10). Individual layers which are between 1 and 
10 cm thick (Fig. 5.12c) are generally planar and continuous but locally 
display wavy bedding and minor erosional scouring. Medium-grained, non- 
graded beds are massive to diffusely bedded and contain up to 25% crystal 
material. In places the top of underlying thick beds of coarse-grained detritus 
are also diffusely bedded. Fine-grained beds are crystal-poor, non-graded 
and well sorted. Accretionary lapilli, up to 1 cm long, occur in discrete 
horizons in the fine-grained beds and as less common rind fragments in the 
medium-grained beds (Fig. 5.12d).
In the Lumley Park area two laterally discontinuous fine- to medium­
grained beds, each approximately 10 m thick, occur within a sequence 
dominated by coarse-grained volcaniclastic rocks (Fig. 5.10). Both intervals 
are massive to diffusely bedded and contain abundant, mostly intact 
accretionary lapilli throughout (Fig. 5.12e). The lower occurrence in
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Figure 5.11, section 2, is overlain by a bed of coarse-grained detritus that 
also contains scattered accretionary lapilli near its base.
3. Tuffaceous sandstone: Tuffaceous sandstone, distinguished from the fine- 
and coarse-grained volcaniclastic intervals by a much higher crystal content, 
better sorting and development of bedding, is a minor component of Unit 2. 
Tuffaceous sandstone has not been identified within the sequence at Big Hill 
although the top of Unit 2 is marked by a discontinuous bed of chert, up to 
25 m thick (Erickson 1986). This chert consists of abundant angular to 
rounded chert clasts, in addition to scattered blocks of Unit 2 rocks and 
minor pumiceous fragments, set in a fine-grained matrix.
The proportion of intercalated tuffaceous sandstone within the Unit 2 
sequence increases southwards from Tangerang Creek and is particularly 
evident at Lumley Park. In Tangerang Creek and within blocks of Unit 2 at 
Brisbane Meadows the tops of several coarse-grained volcaniclastic beds 
grade into thin horizons of tuffaceous sandstone (Fig. 5.9).
Intervals of fine-grained to pebbly immature tuffaceous sandstone, up 
to 25 m thick, are interbedded with the Unit 2 volcaniclastic beds at Lumley 
Park (Fig. 5.10). They are composed entirely of angular pyroclastic detritus, 
retaining large amounts of fine-grained matrix and pumice but are more 
crystal-rich and generally better sorted than the coarse-grained 
volcaniclastic rocks. Bed thickness at Lumley Park ranges from 
approximately 1 cm in thinly bedded intervals to upwards of 1 m in coarse­
grained to pebbly sandstone. Fine- to coarse-grained tuffaceous sandstone, 
occurring between coarse-grained volcaniclastic beds, is typically well 
bedded and several outcrops are low angle cross-bedded and include thin 
laminae of very fine-grained detritus. Massive to diffusely bedded coarse­
grained to pebbly sandstone beds also occur between thick beds of
13 3
volcaniclastic detritus, although pebbly sandstone is best developed above 
Unit 2 at Lumley Park (Chapter 3.3.4).
5.3.3 Facies interpretation of Unit 2
1. Coarse-grained volcaniclastic rocks: The coarse-grained volcaniclastic 
beds that constitute the bulk of Unit 2 are interpreted as multiple pyroclastic 
flow deposits constituting a subaerial ignimbrite sheet. This interpretation is 
based on the massive unsorted character of the pyroclasts, the presence of 
welding and the internal grading within many individual flow units resulting 
in relatively lithic-rich bases and pumiceous tops. The important criteria that 
distinguish these deposits from subaqueous volcaniclastic units are the 
absence of fossils, the absence of systematic crystal enrichment or depletion 
trends resulting from ash winnowing or hydraulic grading and, less 
equivocally, the presence of accretionary lapilli and the occurrence of 
welding. Accretionary lapilli can survive redeposition (Cas and 
Wright 1987) in an aqueous environment although documented examples 
are rare. Welding has been convincingly recorded only in Ordovician 
subaqueous volcaniclastic rocks in Wales (Francis and Howells 1973; 
Howells et al. 1985; Reedman et al. 1987) but recent work by Cas and 
Wright (1987) and Orton (1990) suggests that these occurrences are either 
isolated pods of welded material or that at least a portion of the flow 
remained subaerial.
The basal and upper contacts of individual flow units within the 
Unit 2 ignimbrite sheet are rarely exposed, hampering recognition of the 
subdivisions described by Sparks et al. (1973) such as finer grained basal 
layers (layer 2a). Most of the preserved exposures constitutes the main 
body of flows, layer 2b. Lithic fragments are concentrated in the lower part 
of flows, either dispersed over several metres or concentrated in a well 
defined band such as the matrix-supported lithic breccia occurrences.
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Lithic breccias closely associated with ignimbrite units may be formed 
in a variety of ways; caldera collapse breccias (Lipman 1976, 1984), lahars, 
ground breccias (Walker et al. 1981a; Druitt and Sparks 1982), co-ignimbrite 
breccias and basal lithic concentration zones (Wright and Walker 1977; 
Wright 1981; Druitt 1985; Druitt and Bacon 1986; Druitt et al. 1989). 
Emplacement of lithic breccias as lahars is possible for those deposits 
containing a high clast concentration over a considerable thickness. For the 
most part, however, lithic breccias grade into welded ignimbrite suggesting 
emplacement by pyroclastic processes.
Caldera collapse breccias usually occur within intracaldera ignimbrite 
sheets close to caldera walls and are characterised by the presence of 
mesobreccias and megabreccias that include clasts tens of metres across 
(Lipman 1976). It is principally the scale of the clasts that distinguishes 
these breccias from the lithic breccias in Unit 2. Ground breccias (Walker et 
al. 1981a; Druitt and Sparks 1982) are equivalents of layer 1 which 
underlie the main body of the flow. They are massive, often clast-supported 
deposits which are strongly fines depleted to produce a coarse-grained 
aggregate dominated by lithic and crystal fragments (Walker 1985). In 
contrast the Unit 2 lithic breccias occur within the main body of the flow and 
lack a clast-supported fabric.
Comparison with the various volcanic breccias described in the 
literature favours interpretation of breccia horizons within Unit 2 as basal 
lithic concentration zones (layer 2b(L)), formed by lithic segregation of 
denser clasts from the body of a moving pyroclastic flow (Sparks et 
al. 1973). These deposits may grade towards vent into thicker co-ignimbrite 
breccias which are clast-supported (Druitt and Sparks 1982; Druitt and 
Bacon 1986). Closer still to vent they may grade into strongly fines depleted 
stratified lag-fall deposits formed by fall-out of large clasts from a collapsing
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column within the deflation zone (Wright 1981). Neither co-ignimbrite or lag- 
fall breccias occur within the preserved exposures of Unit 2.
The extremely restricted occurrence of accretionary lapilli in Unit 2 
suggests that their inclusion is accidental, rather than as a feature indicative 
of eruption style. Localised rain flushing of ash clouds is a possibility, 
particularly in the case of the somewhat higher concentrations found at the 
base of Unit 2 in Tangerang Creek. For the most part, however, single lapilli 
and largely unconsolidated fragments of accretionary lapilli-bearing fine­
grained volcaniclastic rocks picked up by the moving pyroclastic flow are 
considered the most likely source of isolated accretionary lapilli in the Unit 2 
ignimbrite.
The presence of coarse-tail and density grading within many 
individual flow units supports emplacement of the ignimbrite as semi- 
fluidised pyroclastic flows (Sparks et al. 1978; Wilson 1980, 1984). The poor 
sorting typical of ignimbrite units precludes fluidisation of the entire range of 
grain sizes present and weight support of grains may be in the range 15% to 
70% (Wilson 1984).
According to the classification proposed by Wilson (1980), Unit 2 
ignimbrite shows many features consistent with deposition by Type 2 
pyroclastic flows, in which the minimum fluidisation velocity is greater than 
the velocity of a stream of gas passing upward through the flow, which in 
turn is greater than the gas velocity at which the flow starts to expand. 
Deposits of Type 2 pyroclastic flows are characterised by development of 
coarse-tail grading, basal layer 2a (Sparks et al. 1973) and only minor 
elutriation of ash (Wilson 1980). The presence of lithic fragments up to at 
least 10 cm in diameter throughout the entire length of Unit 2, however, 
suggests that the flows maintained a reasonable yield strength and were 
therefore not greatly expanded (Sparks 1976). The distribution of large lithic 
fragments over a substantial thickness within some individual flow units also
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implies poorly expanded pyroclastic flows, in which denser components are 
prevented from settling out to form well defined narrow basal concentration 
zones. Basal contacts of individual flow units within Unit 2 are rarely 
exposed precluding identification of finer grained basal layers.
The Unit 2 ignimbrite is generally crystal-rich, possibly due to either 
an original crystal-rich magma or to relative crystal enrichment resulting from 
elutriation of fine ash from pyroclastic flows or collapsing eruption columns 
(Sparks and Walker 1977; Wilson 1980). Comparative studies of crystal 
abundance between the ignimbrite and the included dense cognate 
fragments of the original magma have not been attempted due to the high 
degree of alteration. Fine-grained vitric-rich material that may be of co- 
ignimbrite origin (see below), however, is volumetrically a very minor part of 
the sequence, suggesting that ash elutriation has not played a large role. 
This is also consistent with poor to moderate expansion of the pyroclastic 
flows (Wilson 1980).
Regardless of the source position, the preserved portion of Unit 2 
indicates that pyroclastic flows travelled distances in the order of tens of 
kilometres and may be regarded as relatively mobile. Mobility in pyroclastic 
flows is often attributed to collapse from a high eruption column (Sparks 
et al 1978). The character of the Unit 2 deposits, however, indicates 
relatively poorly expanded pyroclastic flows which retained sufficient heat to 
weld, even in relatively distal exposures. Emplacement of this type of flow is 
more consistent with eruption of large volumes of magma involving rapid 
collapse from low eruption columns.
2. Fine-grained volcaniclastic rocks: Thin intervals of fine-grained 
volcaniclastic rocks such as those preserved between some individual 
ignimbrite flow units are composed entirely of juvenile volcanic fragments 
and may be formed by pyroclastic fall or surge mechanisms or by
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redeposition of pyroclastic debris by sheetwash processes. Preservation of 
the finer grained volcaniclastic rocks signifies a break in ignimbrite 
emplacement in a particular area although does not imply cessation of the 
eruption. Topographic control on the distribution of pyroclastic flows may 
enable preservation of fine-grained volcaniclastic rocks formed 
contemporaneously with pyroclastic flow emplacement.
Intervals of well sorted fine-grained volcaniclastic rocks less than 1 m 
thick that occur at the top of some ignimbrite flow units are typically finely 
laminated and are interpreted as ash-fall tuffs. They may represent layer 3 
co-ignimbrite ash (Sparks et al. 1973) generated by settling of vitric material 
from ash clouds over-riding moving pyroclastic flows (Sparks and Walker 
1977; Wilson 1980). The ash in these thin layers between flow units, 
however, has not been demonstrably compositionally linked with the Unit 2 
ignimbrites. Other possibilities for the formation of these layers includes 
phreatoplinian deposition or rain flushing of fine ash from the atmosphere.
Thicker well bedded intervals of fine- and minor medium-grained 
volcaniclastic rocks, characterised by planar bedding and accretionary 
lapilli, are less well sorted than the finer grained ash-fall horizons between 
ignimbrite flow units. The origin of these deposits remains unclear and 
possibilities include water affected pyroclastic fall, pyroclastic surge or 
redeposition by sheetwash. Evidence favouring a fall origin, either 
phreatomagmatic or rain flushed, includes the well developed planar 
bedding, generally poor sorting and the abundance of accretionary lapilli. 
These features, however, are also consistent with interpretation as base 
surge deposits, although low angle cross-stratification commonly found in 
such deposits has not been identified. The slightly wavy bedding and scours 
observed in several exposures are equally consistent with emplacement as 
surge deposits or sheetwash remobilised material. Storm activity, in periods 
between emplacement of successive ignimbrite flow units, may rapidly
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rework underlying flow unit tops by sheetwash processes, as well as aid ash 
fall-out from the atmosphere and the formation of accretionary lapilli.
The finely laminated outcrop in Tangerang Creek that displays low 
angle cross-stratification (Fig. 5.12b) is regarded as a probable pyroclastic 
surge deposit because evidence for reworking is lacking. The abundance of 
very fine-grained vitric and crystal material and the absence of juvenile lithic 
fragments or accretionary lapilli favours emplacement from an ash cloud 
surge rather than a ground surge or base surge (Fisher 1979; Cas and 
Wright 1987).
The remaining distinct occurrence of fine-grained volcaniclastic rocks 
to be considered is the two intervals up to 10 m thick that occur within 
Unit 2 at Lumley Park (Fig. 5.10). These diffusely bedded deposits have a 
restricted lensoidal geometry and are thicker than most documented 
examples of primary fine-grained ash-fall material. Rain flushing of ash 
cloud material may account for the abundance of accretionary lapilli whilst 
the abnormal thickness may result from remobilisation and ponding of the 
fine-grained material during storm activity.
3. Tuffaceous s a n d s to n e : The character of tuffaceous sandstone 
occurrences within Unit 2 is similar to the features of hyperconcentrated 
flood-flow deposits in volcanic environments, which are intermediate in flow 
type between laminar subaerial debris flows and turbulent stream flow 
(Pierson and Scott 1985; Smith 1986). Large amounts of pyroclastic detritus 
mobilised by episodic flooding (Tunbridge 1981) can be deposited as 
widespread sheet deposits, rather than in confined channels. These sheet 
flows may have originated from transformation of the distal parts of 
pyroclastic flows that mixed with surface water to form debris flows or flood 
flows (Smith 1986; Smith et al. 1988), or represent unconsolidated 
pyroclastic material remobilised from areas more proximal to source. At
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Lumley Park, in particular, beds of reworked pyroclastic debris deposited 
during repeated flood events are intercalated with thin laminae of fine­
grained vitric material interpreted as remobilised ash-fall tuff. Deposition of 
the discontinuous horizon of cherty material containing abundant ignimbrite 
fragments and pumice at Big Hill has also been attributed to sheet wash 
processes during flooding by Erickson (1986).
Coarse-grained and pebbly sandstone, that overlies Unit 2 at Lumley 
Park, contains a higher proportion of non-pyroclastic detritus derived from 
the underlying quartz sandstone and contemporaneous dacite bodies. The 
increased abundance of clasts of other lithologies signifies a drop in the 
quantity of freshly erupted pyroclastic material delivered to this area, 
suggesting deposition of the pebbly to coarse-grained sandstone during an 
inter-eruption period (cf. Smith 1988).
In view of the large amounts of detritus that can be rapidly transported 
and deposited by fluvial processes in active volcanic environments (Vessell 
and Davies 1981), the time break implied by the presence of tuffaceous 
sandstone horizons within the pyroclastic stratigraphy may have been very 
short, possibly a matter of days.
5.3.4 Stratigraphic variations in Unit 2
Although the four areas of Unit 2 exposure contain the same 
lithologies, that comprise dominantly ignimbrite with lesser volumes of 
pyroclastic fall or surge deposits and tuffaceous sandstone, each area is 
characterised by attributes making it unique (Table 5.1). Each area 
represents only a small portion of the original distribution of Unit 2, but tilting 
has allowed documentation of most of the eruption sequence in each 
individual area. This contrasts with modern volcanic areas which usually 
preserve only the most recent events, unless strongly dissected, but which 
allow observation of facies changes in all directions radially out from source.
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1. The Big JH ill area: The first attempt to delineate a volcanic stratigraphy in 
the Big Hill area was made by Erickson (1986) who mapped a large area of 
dacitic ignimbrite, ash-fall tuff, breccia, lava and reworked lithologies that 
have been subsequently divided into separate mappable units in this thesis. 
A portion of Erickson's Unit A has been distinguished as an equivalent of 
the Kerillon Tuff Member Unit 2 farther south, on the basis of textural and 
compositional similarities. The Unit 2 rocks at Big Hill are distinguished from 
those south of Marulan by their unusually large thickness and volume 
(Fig. 5.1).
In the Big Hill area Unit 2 consists almost entirely of thick 
homogeneous welded ignimbrite in which individual flow units can rarely be 
detected. Variations within the sequence are marked by rare zones of 
increased lithic fragment abundance, foliated zones defined by abundant 
pumice clasts (Fig. 5.8g), minor grain size variations and the occurrence of 
very rare thin intervals of fine-grained well sorted ash-fall tuff. In one well 
exposed section in Dead Mans Creek (Fig. 2.4) only four flow units have 
been recognised over a thickness of approximately 800 m. The bases of 
flow units in this section are marked by poorly defined zones of angular lithic 
fragments, which comprise up to 10% of the rock and are typically smaller 
than 5 cm but range up to 25 cm in maximum dimension. Horizons of ash- 
fall tuff are exceptionally rare and range in thickness from 20 cm to 1 m. 
The ash-fall tuffs are crystal-poor, mostly finely laminated and several 
contain whole and broken accretionary lapilli.
Reworked lithologies within Unit 2 are essentially absent in the Big 
Hill area, although a 70 m thick non-graded lithic breccia, containing 
abundant dense volcanic clasts up to 40 cm diameter, is tentatively 
interpreted as the deposit of a lahar.
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2. The Tanaerana Creek area: In the Tangerang Creek area, Unit 2 has an 
exposed strike length of 4.4 km but is only well exposed in the two branches 
of Tangerang Creek and Kerillon Creek farther south (Fig. 2.5). The 
stratigraphy of Unit 2 in this area is illustrated in the surveyed Tangerang 
Creek geology map (Fig. 5.6) and the stratigraphic columns (Fig. 5.9). A 
large number of individual flow units have been recognised within the 
ignimbrite sheet in Tangerang Creek, in contrast to the homogeneous 
sequence at Big Hill. Other differences between the two areas include a 
slightly higher proportion of fine-grained pyroclastic rocks and an increase in 
the proportion of large dacitic lithic fragments in Tangerang Creek compared 
with Big Hill.
In the Tangerang Creek area Unit 2 consists of ignimbrite, ash-fall 
tuff, minor surge deposits and tuffaceous sandstone (Fig. 5.9). The 
sequence has been subdivided into three major intervals on the basis of 
features such as compositional variation, lithic type and abundance, and the 
presence of accretionary lapilli:
1. Unit 2a: a sequence of ignimbrite and minor ash-fall tuff, in which five 
separate thin flow units have been recognised in the south branch of 
Tangerang Creek (Fig 5.9). The ignimbrite flow units are characterised by a 
well developed fiamme foliation, abundant lithic fragments and rare isolated 
accretionary lapilli in two flows. At least part of this group of ignimbrite flow 
units appears to be welded.
2. Unit 2b: a single relatively thick lithic-poor ignimbrite flow unit (Fig. 5.9) 
which appears to be welded throughout. It is characterised by a strongly 
developed fiamme foliation in which pumice clasts are densely compacted 
near the base of the flow (Fig. 5.8h).
3. Unit 2c: a series of lithic-rich and lithic-poor ignimbrite flow units and 
scattered intervals of ash-fall tuff, minor surge deposits and tuffaceous 
sandstone. Unit 2c ignimbrite flow units are characterised by large
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proportions of dacitic clasts in the iithic fraction. Individual ignimbrite flow 
units within Unit 2c range in thickness from 2 m to more than 50 m 
(Fig. 5.9). Many of the flow units appear to grade from a Iithic-rich base 
(Fig. 5.11a) into lithic-poor ignimbrite but other flow units are lithic-poor 
throughout. Some flow units are massive, but many display a prominent 
fiamme foliation, best developed in the upper lithic-poor part of individual 
flow units. Chloritic alteration is prevalent in this part of the sequence but 
evidence of dense welding is sporadically preserved throughout. Scattered 
accretionary lapilli have been found in only two flow units in the Unit 2c 
sequence. Ash-fall tuff, surge and tuffaceous sandstone intervals are a 
volumetrically minor part of Unit 2c and mostly consist of thinly laminated 
beds, some of which contain abundant accretionary lapilli.
Units 2a, 2b and 2c have been mapped only in the Tangerang Creek 
area (Fig. 2.6), although equivalents of Units 2b and 2c have been 
recognised elsewhere in Unit 2. Samples of Units 2b and 2c from 
Tangerang Creek are modally indistinguishable in terms of crystal and vitric 
content. Unit 2a is compositionally distinguished from Units 2b and 2c by a 
higher modal quartz content. Comparison of all Unit 2 modal data (Fig. 5.5), 
indicates that the ignimbrite in the Big Hill, Brisbane Meadows and Lumley 
Park areas is compositionally very similar to Units 2b and 2c in Tangerang 
Creek and the close compositional similarities favour these rocks as 
equivalents. Unit 2a, recognised only in Tangerang Creek, was either not 
deposited or not exposed in the Big Hill, Brisbane Meadows or Lumley Park 
areas.
3. The Brisbane Meadows area: Unit 2 occurs as eight outcrops within a 
poorly exposed area dominated by outcrops of the Came Dacite Member 
(Fig. 5.3). The patchy distribution of the pyroclastic outcrops, the occurrence 
of massive to autobrecciated dacite between some pyroclastic outcrops and
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the marked rotation of bedding within one exposure of fine-grained 
pyroclastic rocks suggest that large blocks of Unit 2 occur within a pod of 
the Carne Dacite Member. Emplacement of the dacite body and 
incorporation of Unit 2 blocks within it, are discussed in Chapter 6.2.2.
The pyroclastic lithologies preserved within the blocks include lithic- 
rich and lithic-poor ignimbrite, accretionary lapilli-bearing coarse- and fine­
grained bedded ash-fall tuff and/or surge deposits and finely laminated ash- 
fall tuff. These lithologies closely resemble Units 2b and 2c in Tangerang 
Creek. Although Unit 2 in the Brisbane Meadows area is limited to isolated 
blocks within dacite the proportion and thickness of finer grained bedded 
pyroclastic rocks is greater than in Tangerang Creek.
4. The Lumlev Park a re a : At Lumley Park, Unit 2 consists mainly of 
ignimbrite flow units but contains a greater proportion of ash-fall tuff/surge 
deposits and tuffaceous sandstone than the sequence farther north. 
Discontinuous lenses of fine- to coarse-grained and pebbly tuffaceous 
sandstone occur both within the pyroclastic sequence and as lateral 
equivalents to the south (Fig. 5.4). Unit 2 at Lumley Park is also overlain by 
predominantly pebbly sandstone of fluvial origin (Chapter 3.3.4). Intervals of 
both tuffaceous sandstone and bedded ash-fall deposits are substantially 
thicker at Lumley Park than in Unit 2 exposures farther north (Fig. 5.10). A 
large dacite body and several small pods of the Carne Dacite Member partly 
cross-cut the pyroclastic stratigraphy (Chapter 6.2.2).
Ignimbrite flow units in the Lumley Park area are up to 40 m thick, 
mainly massive and compositionally similar to ignimbrite from the northern 
areas of the Kerillon Tuff Member, in particular Units 2b and 2c (Fig. 5.5b 
to 5.5g). Secondary processes, such as recrystallisation and low-grade 
alteration, have largely masked original textures but probable welded 
shards have been identified in some samples. The ignimbrite at Lumley Park
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contains smaller and less abundant lithics than the northern exposures and 
pumice clasts are less conspicuous. Several non-welded flow units 
(Fig. 5.10, Section 1 near base) are enriched in crystals (>50%) possibly 
reflecting removal of fines during flooding.
5.3.5 Summary of facies changes in Unit 2
The various Unit 2 occurrences have been correlated over a strike 
length of 50 km on the basis of lithological and compositional similarities 
and by the marked differences in outcrop character and phenocryst 
assemblages between Unit 2 and enclosing lithologies. Correlation of 
pyroclastic rocks in widely separated areas is frequently complicated, 
however, by proximal to distal facies changes that may reflect eruption 
dynamics, emplacement processes or chemical/thermal variations in the 
magma chamber (Hildreth and Mahood 1985). Systematic variations 
detected over the length of Unit 2 (Table 5.1) include:
1. Decrease in the overall Unit 2 thickness, as well as the thickness of 
individual ignimbrite flow units, between Big Hill and the southern 
exposures. In contrast with the thick homogeneous sequence at Big Hill a 
detailed pyroclastic stratigraphy of multiple relatively thin flow units, finer 
grained pyroclastic rocks and tuffaceous sandstone has been delineated 
between Tangerang Creek and Lumley Park.
2. Examination of thin sections from Unit 2 indicates evidence of welding 
throughout, but it is clearly best developed, and/or preserved, in the Big Hill 
area. Changes in the intensity of welding are difficult to document because 
the effect of lateral welding variation may be masked by secondary alteration 
processes. The greater susceptibility to alteration observed in the southern 
exposures, however, may in itself reflect a diminished welding intensity in 
this area.
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3. Maximum lithic fragment dimensions, measured in the four areas of 
Unit 2 exposure, indicate a general decrease in size in the area south of 
Marulan. A large proportion of ignimbrite in the Big Hill area contains very 
sparse lithic fragments which rarely exceed 3 cm in diameter. Larger lithic 
fragments, up to 25 cm across, are restricted to discrete zones regarded as 
flow unit bases. In the Tangerang Creek and Brisbane Meadows areas, the 
maximum dimension of lithic fragments is 20 cm rising to 40 cm in locally 
developed lithic breccias. The largest lithic fragments found in ignimbrite in 
the Lumley Park area are 10 cm in diameter.
4. The dimensions of flattened pumice lapilli decreases from Big Hill to 
Lumley Park although clasts have similar length to breadth ratios in all areas 
implying a similar degree of compaction. In the Big Hill area, flattened 
pumice clasts are typically 10 to 20 cm long, in contrast with the Tangerang 
Creek area where they rarely exceed 10 cm in length and the Lumley Park 
area where pumice clasts are mostly very small and inconspicuous.
5. The volume of volcaniclastic rocks including ash-fall tuff, minor surge 
deposits and fine-grained to pebbly tuffaceous sandstone increases towards 
the southern exposures and forms a significant portion of the sequence at 
Lumley Park.
5.3.6 Relationship of the Unit 2 exposures to source volcanoes
In ancient successions, areas proximal to source volcanoes have 
usually been extensively eroded and/or covered by younger rocks 
(McPhie 1986). In these cases, as for Unit 2, the position of source 
volcanoes must be inferred from lateral and vertical facies changes in the 
pyroclastic stratigraphy. The purpose of the following discussion is ultimately 
to examine the nature of the eruption, but in order to do this several other 
aspects of the sequence must be examined in more detail. These include:
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1. comparison of lateral changes within Unit 2 with the character of 
proximal and distal facies described from better exposed recent and 
other ancient silicic volcanic successions, and discussion of the 
implications of these facies changes on the nature and location of 
source volcanoes for Unit 2; and
2. examination of the significance of the distribution and abundance 
of lithic fragments, particularly dacitic clasts, that occur within Unit 2.
1 .Proximal and more distal facies: Characteristic facies of proximal to distal 
pyroclastic deposits are well documented. In some ancient examples only 
one of these settings is preserved (McPhie 1983, 1986) but, in other more 
recent examples, ignimbrite sheets can be traced from intracaldera fills to 
thinner distal deposits (Hildreth et al. 1984; Gardeweg and Ramirez 1987). 
Characteristics of silicic volcanic successions found in both proximal and 
distal areas relative to vent position are listed in Table 5.2, and can be 
compared with the summarised characteristics of Unit 2 in Table 5.1. For 
the purposes of this study, proximal is regarded as near-vent facies 
associated with single vents or calderas. Distal deposits occur between tens 
and hundreds of kilometres from source and include thin ash layers in deep 
sea cores. Distal features listed in Table 5.2 are restricted to deposits 
between approximately 10 and 100 km from source.
Compositional similarities of ignimbrite flow units from the entire 
Unit 2 sequence, excluding variation in the proportion of lithic fragments, 
favours eruption of Unit 2 from a single source area. The minimum known 
extent of 50 km for the Unit 2 ignimbrite sheet, although not necessarily for 
individual flows (Ross and Smith 1961), compares favourably with distances 
travelled by pyroclastic flows from more recent large magnitude eruptions 
(e.g., ignimbrite from the Cerro Galan Caldera, Sparks et al. 1985; and the 
La Pacana Caldera, Gardeweg and Ramirez 1987). The extent of any single
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flow unit in Unit 2 cannot be gauged, because individual flows cannot be 
confidently correlated between the four areas of exposure. Only within the 
well exposed Tangerang Creek area can individual flow units be traced 
laterally up to 1 km.
Comparison of Unit 2 (Table 5.1) with the characteristics of proximal 
to distal volcanic facies (Table 5.2) favours a northerly source area probably 
located somewhere between Marulan and Big Hill, an area entirely covered 
by younger Bindook Volcanic Complex rocks and related intrusions or the 
Permo-Triassic Sydney Basin. Progressively more distal outflow ignimbrite 
facies are developed southwards from Tangerang Creek to Lumley Park. 
Trends, including a decrease in lithic size and abundance and pumice size, 
less obvious welding and the increased prevalence of tuffaceous sandstone 
and fine-grained pyroclastic deposits, documented between Tangerang 
Creek and Lumley Park are consistent with increasing distance from source 
vent. The original extent of Unit 2 south of Lumley Park is unknown, 
although the discontinuous lens of crystal-vitric siltstone at Neringah, an 
additional 3 km to the south, may represent water-lain equivalents of 
Unit 2.
Although a clear trend towards more distal facies occurs south of 
Marulan, the relationship between the Big Hill area north of Marulan and the 
Unit 2 source is more enigmatic. Eruption on the scale indicated for the 
Unit 2 deposits would have been associated with caldera collapse in the 
vent area (Walker 1984). Near-vent areas in silicic volcanic terrains are 
characterised by thick intracaldera ignimbrite or thick coarse-grained 
ignimbrite sheets, depending on the timing of caldera collapse, which may 
be intercalated with pre-, syn- or post-caldera lava flows or domes. Facies 
relationships may be further complicated by co-ignimbrite breccia lenses, 
abundant faults, collapse breccias, lenticular sedimentary facies, and if
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dissected, piutons representing the residual magma chambers (Table 5.2; 
Walker et al. 1981a; Cas and Wright 1987; Gardeweg and Ramirez 1987).
The preserved sequence at Big Hill consists of very thick, poorly 
differentiated welded ignimbrite. This ignimbrite may have filled the related 
collapsing caldera but may equally represent a portion of the northward 
outflow sheet that filled an older unrelated caldera or other deeply incised or 
fault-controlled topographic depression (cf. Fish Canyon Tuff infilling the 
unrelated Mount Hope Caldera, Lipman 1984, 1989). Apart from the 
exceptionally thick ignimbrite sequence, other proximal facies such as lavas, 
co-ignimbrite breccias, coarse-grained pyroclastic fall deposits and 
lacustrine deposits have not been identified at Big Hill. Proximal facies, if 
originally present in the Big Hill area, are either obscured by patchy outcrop, 
covered by younger volcanic rocks of the Bindook Volcanic Complex or 
intruded by large piutons.
2. Significance of the lithic component in determining activity at vent:
One of the most striking aspects of the Unit 2 sequence is the overall 
scarcity of lithic fragments in the thick, homogeneous ignimbrite sequence at 
Big Hill, compared with the abundance of dacitic fragments in the area south 
of Marulan.
The extent to which a portion of the lithic population may have been 
locally derived from erosion of substrate rocks by over-riding pyroclastic 
flows, as opposed to being entirely vent derived, has not been considered 
previously in the description of the lithic component. Various studies of lithic 
populations in ignimbrite have concluded that the majority of accidental 
fragments correspond closely to lithologies exposed in the source area and 
were, therefore, incorporated at the vent site (Eichelberger and Koch 1979; 
Hildreth and Mahood 1985, 1986; Potter and Oberthal 1987). A recent study, 
however, of the ground layer of the Quaternary Ata pyroclastic flow deposit
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in Japan (Suzuki-Kamata 1988) found that vent-derived lithic fragments 
diminished systematically in size away from source, whereas larger lithic 
clasts in more distal areas were locally derived. Localised incorporation of 
lithic fragments is likely to be important in areas of uneven topography, 
particularly on the down-flow side of topographic barriers (Druitt and Bacon 
1986; Suzuki-Kamata 1988). Ground layers, however, are deposited from 
the strongly fluidised head region of pyroclastic flows, which is capable of 
significant erosion. Deposition of heavy lithic and crystal fragments from this 
expanded part of the flow leads to a fines-depleted deposit overlying an 
erosional base (Walker et al. 1981b), a scenario that contrasts to the 
relatively poorly fluidised pyroclastic flows envisaged for Unit 2 
emplacement, which, due to their higher yield strength (Chapter 5.3.3), 
should transport larger lithic fragments farther.
Lateral and vertical changes in the size and abundance of lithic 
fragments enable some conclusions to be drawn regarding the source of the 
accidental lithic material in Unit 2. The most detailed analysis of the lithic 
fraction was carried out in Tangerang Creek (Fig. 5.9). Many of the lithic 
fragments in Unit 2a in Tangerang Creek, are similar to lithologies found in 
the underlying Unit 1 sequence, and include a small number of sedimentary 
fragments. The significance of the lithic fraction in Unit 2a in terms of its 
derivation cannot be assessed because of its limited lateral extent. Lithic 
fragments are a negligible component of Unit 2b ignimbrite, but increase 
dramatically in abundance and size in Unit 2c (Fig. 5.9). In particular the 
proportion of porphyritic dacite clasts increases markedly in Unit 2c, usually 
constituting the largest clasts observed and comprising at least 50% of the 
lithic component in any outcrop. Smaller lithic fragments in Unit 2c include 
ash-fall tuff, chert, fine-grained ignimbrite and altered, originally glassy 
fragments but a negligible quantity of sedimentary fragments (Fig. 5.5f).
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The largest and most abundant clasts in the Brisbane Meadows and 
Lumley Park areas are also porphyritic dacite. At Lumley Park the majority of 
dacitic lithic fragments observed in outcrop are between 1 and 5 cm in 
diameter, reaching a maximum of 10 cm across, compared with 40 cm in 
the Tangerang Creek area. This systematic decrease in the size of the 
porphyritic dacitic clasts south of Marulan favours their derivation from a 
source in the vent area. The presence of porphyritic dacite clasts in Unit 2 
south of Marulan, and the marked increase in their size and abundance in 
Unit 2c flow units, implies the emplacement of dacitic lavas or domes either 
in, or somewhere close to, the source area during the Unit 2 eruption (cf. 
several South American calderas; Hildreth et al. 1984; Sparks et al. 1985; 
Gardeweg and Ramirez 1987). The position of these lavas or domes is 
further constrained by the scarcity of dacitic clasts in Unit 2 at Big Hill. 
Ignimbrite containing very few dacitic clasts can be traced from the Tarlo 
River to Brayton (Fig. 5.1), where the sequence is covered by younger 
rocks. Any dacitic domes or lava flows exposed at the time of the eruption of 
Unit 2 must therefore have been located south of Brayton and only been 
incorporated within pyroclastic flows emplaced towards the south.
It may be further speculated that the dacitic rocks occurred on, or 
close to, the southern caldera rim and were fragmented either by explosive 
eruption or caldera wall collapse during the course of the eruption. Such a 
scenario would result in large amounts of incorporated dacitic detritus in 
pyroclastic flows moving south of the caldera wall, but possibly negligible 
amounts in northward moving flows.
5.3.7 The eruption of Unit 2
Models for the eruption of Unit 2 of the Kerillon Tuff Member cannot 
be rigorously tested due to the discontinuous nature of exposure and the 
lack of a clear vent area. Despite these problems, analysis of available
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exposure and analogy with better exposed younger sequences have 
enabled postulation of a generalised series of events leading to the 
deposition of Unit 2.
The preponderance of stacked, petrographically similar ignimbrite 
flow units interspersed with thin intervals of ash-fall tuff and flood-deposited 
tuffaceous sandstone, favours eruption of the entire Unit 2 sequence over a 
short period of time from a single magma source. Evidence suggesting 
significant breaks in the eruption are lacking, even in the very thick 
sequence of ignimbrite at Big Hill. The thin intervals of reworked material 
that occur within the sequence are invariably sheetwash deposits that were 
probably related to localised and short-lived flood events. The eruption may 
have been pulse-like at some stages (cf. Wilson et al. 1980; Walker 1985), 
but is regarded as a single geological event. The thick deposits of this event, 
spread over a large area, indicate a very large magnitude volcanic episode. 
The exact dimensions of the eruption cannot be gauged because its original 
extent is unknown and original thickness estimates are imprecise. As an 
estimate, however, assuming an originally radial distribution of deposits with 
a radius of 30 km (distance from Brayton to Lumley Park) and an 
approximate average thickness of 0.5 km, a volume in the order of 
1500 km3 is indicated.
An eruption model favoured in many studies of caldera-forming 
eruptions involves two stages, the first producing plinian pumice fall and 
small pyroclastic flow deposits from an overpressured magma chamber 
through a single vent, and the second producing large volumes of ignimbrite 
associated with caldera collapse, driven by pressure fall in the magma 
chamber (Druitt and Sparks 1984; Aramaki 1984; Druitt 1985; Self et al. 
1986). Plinian deposits have not been found anywhere within Unit 2. The 
presence or absence of plinian deposits is governed by factors such as vent 
radius and gas velocity and content (Sparks et al. 1978; Wilson et al. 1980).
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Absence of a plinian deposit beneath an ignimbrite may reflect rapid vent 
widening early in the course of an eruption, or a low initial gas content of the 
magma, both of which will act to prevent the development of a high 
convecting plume. Eruption column collapse may occur rapidly from 
relatively low heights to form pyroclastic flows only. Such a scenario favours 
large amounts of magma evacuation possibly leading to early initiation of 
caldera collapse in the cycle of the Unit 2 eruption.
Caldera collapse is initiated when, due to magma discharge, the 
pressure in the magma chamber falls below lithostatic pressure of the 
overlying rocks, resulting in roof failure and subsidence of blocks into the 
chamber (Druitt and Sparks 1984). Opening of conduits during caldera 
collapse and the increased rate of discharge caused by collapse, enhances 
erosion of the vent walls and allows the ejection of larger lithic blocks under 
higher exit pressures (Wilson et al. 1980; Druitt 1985). The numerous 
ignimbrite flow units comprising Unit 2 may indicate that caldera collapse 
occurred incrementally during the course of the eruption, rather than as a 
single catastrophic event (cf. Walker 1984).
The earliest record of the Unit 2 eruption is limited to the Tangerang 
Creek area and involves emplacement of Unit 2a. On compositional and 
lithological grounds the source of this eruption is presumed to be the same 
as that for subsequent parts of Unit 2. Unit 2a ignimbrite is somewhat richer 
in quartz compared with later deposits (Figs 5.5c to 5.5e), possibly 
reflecting the existence of a compositionally zoned magma chamber 
erupting relatively silicic products initially and progressively slightly more 
mafic products with time (cf. Smith 1979). Unit 2b, clearly delineated only in 
the Tangerang Creek area, is a lithic-poor, uniformly pumice-rich ignimbrite, 
up to 50 m thick, that was probably emplaced as a single flow unit.
The increased volume of porphyritic dacite fragments in Unit 2c may 
indicate onset of a major episode of caldera collapse in the source area,
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involving the fragmentation of pre-existing domes or lava flows (Druitt and 
Sparks 1984; Druitt 1985; Walker 1985). The possible location of dacitic 
lavas or domes close to the southern caldera wall may account for the 
incorporation of large amounts of this fragmented material in any southward- 
moving pyroclastic flows produced during caldera collapse (cf. Loma Seca 
Tuff, Hildreth et al. 1984; Toconquis Ignimbrite Formation, Sparks et al. 
1985; Lower Bandelier Tuff, Self et al. 1986). It is, therefore, possible that the 
sudden upsurge in the abundance of large dacitic clasts at the base of 
Unit 2c, south of Marulan, coincides with catastrophic collapse of the 
southern caldera wall and rapid outpouring of lithic-rich pyroclastic flows, 
rapidly depositing the Unit 2c flow units in the southern part of the Kerillon 
Tuff Member. The large thickness of lithic-poor ignimbrite ponded in the Big 
Hill area may have passively filled the subsiding caldera either prior to, or 
during this part of the eruption or alternatively filled an older caldera or 
unrelated topographic structure. In conclusion, the isolated outcrops of 
Unit 2 document a large-scale pyroclastic eruption probably involving 
incremental caldera collapse. The deposits of this eruption can be traced 
from near-vent and possibly intracaldera facies to more distal ignimbrite 
sheet facies. On the assumption of a normal radial distribution of the 
ignimbrite sheet, the northern extent is largely covered by younger volcanic 
units and at its southern extent, is most likely preserved as reworked, mainly 




FELDSPAR-RICH VOLCANIC ROCKS IN THE TANGERANG
FORMATION: THE CARNE DACITE MEMBER AND THE 
KERRAWARRA DACITE MEMBER
6.1 INTRODUCTION
The Came Dacite Member (Jones et al. 1984) and the newly defined 
Kerrawarra Dacite Member (Figs 6.1, 6.2 and 6.3) are lithologically similar 
but a precise genetic relationship between them has not been established.
Stratigraphic, textural and compositional aspects of the Carne Dacite 
Member and the Kerrawarra Dacite Member are described in this chapter 
with the principal aim of elucidating the origin of these units.
6.2 THE CARNE DACITE MEMBER
The Carne Dacite Member was defined by Carr et al. (1980) and 
Jones et al. (1984) as a series of massive dacite bodies that occupy a large 
portion of the Tangerang Formation between Marulan and Lumley Park 
(Fig. 6.1). These bodies were recognised at various stratigraphic levels in 
the Tangerang Formation and were interpreted by these authors as 
subaqueous and subaerial lava flows and domes, locally interdigitating with 
the enclosing lithologies.
Twelve mappable dacite bodies, and numerous smaller pods in the 
order of 10 to 100 m2 in outcrop area, comprise the Carne Dacite Member 
between Big Hill and Lumley Park. The largest single body occurs near Big 
Hill, occupying an area of 3.2 km^ (Fig. 6.2). In the area south of Marulan, 
where most of the Carne Dacite Member occurs, the largest dacite body 
occupies an area of 1.6 km^ and extends southwards as a narrow lens from
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Marulan South, widening to a broadly cross-cutting body in Bungonia Creek 
(Fig. 6.1).
The Came Dacite Member has been divided on stratigraphic, textural 
and compositional grounds into three associations. These associations, 
which are named according to their stratigraphic position in the Tangerang 
Formation comprise:
1. The lower Came Dacite Member includes those occurrences within 
the shallow marine tuffaceous sandstone in the lower part of the 
Tangerang Formation.
2. The middle Carne Dacite Member consists of dacite bodies within 
either quartz sandstone or the Kerillon Tuff Member above the major 
erosional surface at the top of the shallow marine tuffaceous 
sandstone (Fig. 6.1). This association can be further subdivided, on 
the basis of composition and occurrence, in the Brisbane Meadows 
and Lumley Park areas.
3. The upper Carne Dacite Member, not included in the Carne Dacite 
Member by Jones et al. (1984), is represented by a large body in the 
Big Hill area (Fig. 6.2) and as a smaller pod south of Marulan Creek 
(Fig. 6.3) near the top of the Tangerang Formation. In the Marulan 
Creek area the upper Carne Dacite occurs within the Kerrawarra 
Dacite Member. Small pods, less than 50 m long, of the upper Carne 
Dacite Member have also been found in the area between Kerillon 
and Jerrara Creeks, either cross-cutting older Tangerang Formation 
lithologies or occurring as small discontinuous, mainly concordant, 
lenses beneath the Barrallier Ignimbrite.
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6.2.1 The lower Carne Dacite Member
Small bodies of the lower Carne Dacite Member occur between 
Marulan South and Brisbane Meadows (Fig. 6.1), mainly at various levels 
within the shallow marine tuffaceous sandstone sequence, although the 
stratigraphically lowest body directly overlies the Bungonia Limestone.
The lower Carne Dacite Member is generally massive and crystal-rich 
(modally averaging 38% crystals) with euhedral zoned plagioclase laths and 
fewer quartz phenocrysts, up to 8 mm in size, set in a coarsely 
microcrystalline aggregate of quartz and feldspar. Finer grained chilled 
margins are only locally developed. Crude columnar jointing has been 
observed only near the western margin of the dacite body in Bungonia 
Creek (Fig. 6.4a). Subangular fine-grained mafic xenoliths, up to 5 cm 
across, are scattered throughout, and in places angular clasts and blocks of 
host sandstone (up to 10 m across) form rare inclusions close to the 
margins.
Most of the lower Carne Dacite Member bodies are discontinuous 
lenses which are broadly conformable with the enclosing sequence. In the 
Bungonia Creek area, however, the Devils Pulpit Member and tuffaceous 
sandstone sequence are truncated by a larger discordant pod of dacite 
(Figs 2.5 and 2.14). This particular body interfingers with tuffaceous 
sandstone at its northern boundary, but the west side of the dacite is partly 
controlled by east-west faults resulting in step-like contacts (Fig. 2.14). In 
other dacite bodies many of the margins are slightly oblique to the trend of 
the enclosing rocks, resulting in truncation of distinctive lithologies, such as 
conglomerate bands, in some areas.
The lower Carne Dacite Member was interpreted by Jones et al. 
(1984) to represent submarine lava flows on the basis of the occurrence of a 
possible pillow structure at one locality and intercalation of the dacite lenses 
with shallow marine fossiliferous tuffaceous rocks. The pillowed locality has
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subsequently been flooded by a small dam and during detailed mapping no 
other examples of possible pillow structures have been distinguished. 
Examination of a photograph of the structures reported by Jones et al. 
(1984) indicates they were misidentified and are likely to be a complex 
jointing pattern. Other diagnostic criteria of subaqueous emplacement, such 
as extensive brecci’ation and voluminous hyaloclastite deposits (Williams 
and McBirney 1979; Cas and Wright 1987), are also absent.
The distribution of the texturally and compositionally similar bodies of 
the lower Carne Dacite Member throughout the shallow marine part of the 
Tangerang Formation is more consistent with their emplacement as a series 
of high level intrusions, such as laccoliths (Corry 1988) or sills, rather than 
as lava flows. The most convincing evidence is the absence of dacitic clasts 
in the "overlying" tuffaceous sandstone indicating a lack of reworking of the 
dacite lenses. At one locality, a thin band of conglomerate directly "overlies" 
one of the lower Carne Dacite Member bodies but contains no dacitic 
fragments. The margin of the same dacite, however, contains small 
apophyses of tuffaceous sandstone. Other less equivocal evidence, that is 
nevertheless consistent with an intrusive emplacement mechanism, includes 
the map-scale interfingering of dacites and tuffaceous sandstone, 
incorporation of clasts of surrounding lithologies at dacite margins and the 
microcrystalline groundmass that may indicate relatively slow cooling.
Laccoliths are defined by Corry (1988) as forcible, concordant 
intrusions which generally have a flat floor and have domed or deformed the 
roof country rocks. Laccoliths are distinguished from sills by their larger size 
and large-scale deflection of roof rocks (Corry 1988). Two laccolith end 
members were defined by Corry (1988) on the basis of shape, level in the 
crust and nature of deformation of the enclosing rocks. Punched laccoliths 
occur at epizonal levels and are characterised by flat tops, steep sides and 
deformation of country rock by closely associated faults. The other end
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member, called a Christmas-tree laccolith (Corry 1988) is a dome-shaped 
body, often with multiple sill-like protrusions, which occurs at mesozonal 
levels and plastically deforms the roof rocks into a broad dome.
Application of Corry's extensive work on laccoliths to the lower Came 
Dacite Member is hampered by poor exposure of the side margins of the 
dacite bodies. For example, many of the dacite bodies in Figure 6.1 are 
depicted as lensing out into the adjacent rocks, but outcrop is insufficient to 
distinguish this from more abrupt and steep, possibly fault-bounded, 
terminations. At least one dacite, in Bungonia Creek, has its lateral extent 
limited by steep east-west faults and other bounding faults may also exist but 
not be detected in the generally uniform enclosing rocks.
Overall, the lack of evidence for ductile deformation of the tuffaceous 
sandstone roof rocks, the occurrence of faults associated with the margins of 
at least one dacite body, the relatively simple form of many of the dacite 
bodies and the location of the lower Came Dacite Member dacites at very 
high levels in the crust, all favour analogy with the punched laccolith type of 
Corry (1988).
6.2.2 The middle Carne Dacite Member
The middle Carne Dacite Member is also restricted to the southern 
part of the Tangerang Formation (Fig. 6.1) and occurs within either the 
quartz sandstone or the Kerillon Tuff Member pyroclastic rocks and 
associated tuffaceous sandstone sequence. Two separate dacite types have 
been delineated within the middle Carne Dacite Member, on the basis of 
geographic occurrence, bulk rock composition (Table 6.1) and grain size 
differences. In the Brisbane Meadows area (Figs 6.1 and 5.3) a large body 
of relatively more silicic dacite occurs within quartz sandstone and is 
characterised by the presence of small quartz phenocrysts and by rafts of 
Kerillon Tuff Member and quartz sandstone. Compositionally distinct dacite
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occurs at a similar stratigraphic level in the Lumley Park area as one large 
body and several small pods cross-cutting parts of the Kerillon Tuff Member 
sequence (Figs 6.1 and 5.4). In both the Brisbane Meadows and Lumley 
Park areas, the tops of the large dacite bodies are not exposed. Several 
other small dacitic lenses also occur at this approximate stratigraphic level in 
the Tangerang Formation between Marulan Creek and Lumley Park 
(Fig. 6.1) and these have also been grouped as middle Came Dacite 
Member.
The dacite at Brisbane Meadows is a body approximately 3 km long, 
that is finer grained and has a lower content of plagioclase phenocrysts than 
the lower Came Dacite Member occurrences (Appendix 6). Quartz 
phenocrysts are slightly more abundant in this body than in the other Came 
Dacite Member occurrences, but rarely exceed 2 mm in size.
The southern half of the Brisbane Meadows body is poorly exposed 
but available outcrop indicates inclusion of several rafts (up to 80 m long) of 
Kerillon Tuff Member Unit 2 and two rafts of quartz sandstone within the 
central part of the dacite (Fig. 5.3). Bedding and pumice clast foliations 
measured within most of the tuff outcrops dip to the west, consistent with the 
general trend in this part of the Tangerang Formation, but one outcrop has 
been rotated through approximately 80 degrees and dips to the south. 
Recrystallisation resulting from baking by the dacite has been observed in 
the quartz sandstone blocks, but very strong secondary alteration obscures 
any possible contact metamorphic textures in the rafts of Kerillon Tuff 
Member.
Flow banded and, in places, flow brecciated dacite preferentially 
occur in the areas surrounding the tuff and sandstone rafts, in what is 
generally a massive dacite body. Flow banding, which dips to the east, is 
best displayed on weathered, planar surfaces and has been observed only 
in one small area farther away from the rafts (Fig. 6.4b). Restricted areas of
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autobrecciated dacite are best observed on weathered surfaces as a 
random jumble of large angular dacite fragments, many of which are flow 
banded (Figs 6.4c and 6.4d). Clasts within the breccia are texturally 
identical to the matrix material, but are enhanced by a fine sprinkling of 
opaque grains, in addition to the variably oriented flow banding.
Other monolithologic flow breccias of restricted extent observed in this 
area consist of angular coherent dacite fragments, in a jig-saw arrangement, 
which occur in a matrix of chloritised tiny crushed fragments of dacite and 
phenocryst material (Fig. 6.4e). These rocks may have formed by localised 
brecciation of cooler, more viscous parts of the dacite in contact with the 
included tuff and sandstone blocks. Breccias of this type may occur within 
silicic lava flows and presumably cryptodomes, although they are mainly 
developed adjacent to flow margins (Manley and Fink 1987).
Apart from the restricted development of flow banding and 
autobrecciation, the dacite body at Brisbane Meadows is structureless, 
lacking features such as columnar jointing and chilled margins. Fine-grained 
subrounded mafic xenoliths, up to 15 cm across and consisting of acicular 
feldspar and biotite, are scattered throughout the dacite. In addition to the 
larger tuff and quartz sandstone rafts shown in Figure 5.3, subangular to 
rounded clasts of fine-grained quartz sandstone, ranging from 2 cm to 
50 cm across, are locally abundant (Fig. 6.4f). The inclusion of tuff and 
sandstone rafts and clasts and the occurrence of spatially related 
autobrecciated areas suggests that the present exposure of the Brisbane 
Meadows body is close to a margin of the body.
At Lumley Park, a large body of massive dacite cross-cuts part of the 
Kerillon Tuff Member Unit 2 pyroclastic and tuffaceous sandstone sequence 
(Fig. 5.4). Small poorly exposed pods of texturally sim ilar dacite occur 
elsewhere within the sandstone sequence around Lumley Park (Fig. 2.6). 
Most outcrops are massive although several small areas of poorly
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developed breccia have also been identified. These breccias occur close to 
the margins of dacite bodies and may represent fragmentation of the cooler 
carapaces of the bodies. The Lumley Park dacite bodies are similar to the 
dacite at Brisbane Meadows in overall crystal content and xenolith type and 
abundance. The dacite bodies at Lumley Park, however, are slightly more 
mafic and are strongly depleted in potassium and enriched in calcium and 
sodium relative to the Brisbane Meadows body (Table 6.1). Scattered 
quartz phenocrysts, typically 3 to 4 mm in size, characterise the dacites at 
Lumley Park, in contrast with the smaller but more abundant quartz 
phenocrysts at Brisbane Meadows.
Broad cross-cutting relationships with the enclosing stratigraphy 
displayed by the major dacite bodies in both the Brisbane Meadows and 
Lumley Park areas, suggest emplacement of the dacite as two cryptodomes 
of slightly different composition (cf. Williams and McBirney 1979; Cas and 
Wright 1987). Smaller pods of dacite in the Lumley Park area and elsewhere 
at this stratigraphic level in the Tangerang Formation are interpreted as 
satellite pods of related magma. Minor concordant occurrences, such as the 
lens of brecciated dacite within the pyroclastic sequence at Lumley Park, 
may represent a small lava flow erupted from a local source during 
emplacement of the Kerillon Tuff Member.
Textural variations, including aphyric zones and coarsely vesicular 
zones (Fink and Manley 1987) described from some young rhyolite domes 
and flows, have not been observed in the middle Came Dacite Member. 
With the exception of localised breccias and areas of flow banding, the 
middle Carne Dacite Member is texturally homogeneous, and more closely 
resembles the devitrified interior parts of domes such as the 600 year old 
Obsidian Dome in California (Swanson et al. 1989) or shallow intrusions 
that lie beneath it. Samples of these rocks recovered from drilling programs 
(Eichelberger et al. 1986) are texturally homogeneous and consist of
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phenocrysts and microphenocrysts set in a fine-grained granophyric 
groundmass (Swanson et al. 1989).
A near surface intrusive emplacement mechanism is favoured over an 
entirely extrusive origin for the two major bodies of the middle Came Dacite 
Member, but cannot be demonstrated convincingly. Emplacement of 
cryptodomes at shallow levels may result in up-doming of the thin cover 
sequence (Clough et al. 1982; Cas and Wright 1987) with possible brittle 
disturbance of these rocks (Minakami et al. 1951; Rea 1974). Dacite 
emplaced as a cryptodome very close to the surface may easily have broken 
through the deformed cover to also produce lava flows or domes. Removal 
of the upper portions of the large dacite bodies in both the Brisbane 
Meadows and Lumley Park areas prior to eruption of the Barrallier Ignimbrite 
has removed evidence that could have been used to distinguish between an 
intrusive or extrusive mode of dacite emplacement. The rafts of quartz 
sandstone and Kerillon Tuff Member within the Brisbane Meadows dacite, 
however, are probably due to uplift and fracturing of country rocks by the 
rising magma (cf. Williams and McBirney 1979), similar to that documented 
in the 1944 eruption of Usu volcano in Japan (Minakami et al. 1951) or the 
Brimstone Hill cryptodome in the Lesser Antilles (Baker 1969). The exact 
position of the rafts in the Brisbane Meadows body relative to the original 
form of the dacite body is unknown, but given the westerly dip of this part of 
the Tangerang Formation, they are likely to be adjacent to the side of the 
cryptodome rather than it's top.
6.2.3 The upper Carne Dacite Member
Dacite near to, or at the top of, the Tangerang Formation occurs as a 
large body in the Big Hill area (Fig. 6.2) and as smaller occurrences in the 
Tangerang Creek area (Fig. 6.1). The dacite body at Big Hill is at least 5 km 
long and is the largest of the Carne Dacite Member bodies. It occurs below
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the Barrallier Ignimbrite, which in this area crops out as erosional remnants 
on either side of the dacite. Contacts between the margins of the dacite at 
Big Hill and the surrounding units have not been observed but at map scale 
the dacite cross-cuts ignimbrite and ash-fall tuff lithologies of the Kerillon Tuff 
Member (Fig. 2.4). * (
Similar dacite occurs as a 2 km long body within the finer grained 
Kerrawarra Dacite Member in the Marulan Creek area (Fig. 6.3) and as 
concordant to cross-cutting small pods immediately below the Barrallier 
Ignimbrite between Kerillon and Jerrara Creeks (Fig. 2.5).
All upper Came Dacite Member occurrences are relatively crystal- 
rich, entirely structureless bodies. The dacite consists of euhedral 
plagioclase and scattered quartz phenocrysts (up to 7 mm across), replaced 
mafic grains and aggregates, plus minor unaltered hornblende phenocrysts 
set in a coarsely recrystallised groundmass. The upper Carne Dacite 
Member is texturally very similar to the lower Carne Dacite Member and both 
also display a strong compositional overlap (Table 6.1).
The structureless nature of the upper Carne Dacite Member bodies 
and the poorly known contact relationships with enclosing rocks limits 
interpretation of these rocks to either lava flows or high level intrusions such 
as cryptodomes.
6.2.4 Composition of the Carne Dacite Member
Major element data for the Carne Dacite Member (Table 6.1) indicate 
a spread of compositions within the dacite field (Figures 6.5a and 6.5b). 
The lower and upper Carne Dacite Member samples are geochemically 
broadly similar, although the latter plot as high-K dacite in Figure 6.5a and 
contain less of magnesium and calcium (Table 6.1). Geochemical 
differences between the two occurrences of the middle Carne Dacite 
Member are also highlighted in Figure 6.5. Samples from the Brisbane
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Meadows area have higher silica contents and plot as dacite and rhyolite 
(Fig. 6.5a), whereas the two Lumley Park samples plot as low-K dacite, 
reflecting relative marked potassium depletion in these rocks.
Differences and similarities between the three Came Dacite Member 
associations are also apparent from modal data (Appendix 6, Fig. 6.6). A 
strong overlap in modal compositions occurs between the lower and upper 
Carne Dacite Member samples (Fig. 6.6 a to e). In all diagrams the middle 
Carne Dacite Member is distinct from the lower and upper associations. It is 
characterised by a lower total phenocryst to groundmass ratio (Fig. 6.6d) 
and, within the crystal component, by fewer plagioclase phenocrysts 
compared with the lower and upper Carne Dacite Member samples 
(Figs 6.6a and 6.6e). Geochemical differences between the Brisbane 
Meadows and Lumley Park occurrences of the middle Carne Dacite Member 
are not clearly reflected in the modal data (Fig. 6.6).
All dacite samples, regardless of stratigraphic position, are 
characterised by relatively abundant euhedral, subequant to lath-like zoned 
plagioclase phenocrysts and scattered mainly large embayed quartz 
phenocrysts. The mafic mineral component consists predominantly of 
equant to rectangular grains which have been replaced entirely by chlorite 
or tremolite/actinolite. Mafic patches, up to 8 mm in diameter, consist of 
clusters of coarse-grained replaced mafic grains, plagioclase, rare fresh 
hornblende and Fe-Ti oxides. Rare original hornblende phenocrysts occur in 
a few samples from the lower and upper Carne Dacite Member. The 
groundmass in both the lower and upper Carne Dacite Member is a 
microcrystalline equigranular aggregate of quartz and feldspar (Fig. 6.7a). 
In contrast, the groundmass of many samples from the middle Carne Dacite 
Member is slightly trachytic in texture, containing abundant acicular feldspar 
grains dispersed throughout a variably recrystallised aggregate of 
microcrystalline quartz and feldspar (Fig. 6.7b). Crude alignment of tiny
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feldspar laths within the groundmass, suggesting a flow foliation, has only 
been observed in one sample from the middle Came Dacite Member.
6.2.5 Timing of emplacement of the Carne Dacite Member
Textural and compositional features of the various dacite occurrences 
in the Tangerang Formation suggest multiple episodes of dacite 
emplacement. The relative timing of these episodes can be at least loosely 
constrained by stratigraphic position, outcrop and microscopic textures, and 
whole rock compositions.
1. The lower Carne Dacite M ember: This relatively homogeneous 
association of rocks has been interpreted as a series of high level intrusions, 
possibly laccoliths, emplaced in the lower part of the Tangerang Formation. 
The textural and compositional similarity of the lower and upper Carne 
Dacite Member may suggest a single episode of emplacement for both 
associations. The distribution, however, of the lower and upper Carne Dacite 
Member occurrences in geographically and stratigraphically very different 
parts of the Tangerang Formation, in addition to slight geochemical 
differences, is sufficient to justify two discrete episodes of emplacement.
The east-west faults governing part of the distribution of the dacite in 
Bungonia Creek offset the lower Tangerang Formation succession, 
including the Devils Pulpit Member, but do not affect the boundary between 
the shallow marine tuffaceous sandstone and the overlying quartz 
sandstone. Areas of uplift above the roof of the dacite bodies must, therefore, 
have been removed prior to deposition of the quartz sandstone, thereby 
constraining the timing of lower Carne Dacite Member emplacement to the 
period preceding deposition of the quartz sandstone and Kerillon Tuff 
Member sequence.
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2. The emplacement of dacite bodies giving rise to lithic fragments found in 
the Kerillon Tuff Member: Clasts of dacite very similar to the Carrie Dacite 
Member are abundant in the Unit 2 ignimbrite sheet of the Kerillon Tuff 
Member. These clasts consist of euhedral plagioclase and rare quartz 
phenocrysts set in a variably cryptocrystalline to coarsely microcrystalline 
groundmass. The clasts display a marked increase in size and abundance 
in the upper half of Unit 2 and a systematic decrease in size south of 
Marulan. These trends are consistent with derivation of the clasts from 
contemporaneous dacite lavas or eroded intrusive bodies in the Unit 2 
source area that is believed to be somewhere between Big Hill and Marulan 
(Chapter 5.3.6). Lithic fragments, including dacitic clasts, are extremely rare 
in the Big Hill area which is regarded as being near, or north of, the Unit 2 
vent area, suggesting that pyroclastic flows deposited in this area had little 
contact with the dacitic detritus that is so conspicuous in the southern 
ignimbrite outcrops. In Chapter 5.3.6 it was proposed that the marked 
increase in dacitic clasts in the upper part of Unit 2 may have corresponded 
with major collapse of part of the southern caldera wall. Location of dacitic 
domes, lavas or uncovered intrusions on the southern wall of the collapsing 
caldera is consistent with their inclusion in southward moving pyroclastic 
flows and their paucity in pyroclastic flows which either filled the collapsed 
caldera or travelled out onto the northern ring plain.
3. The middle Carne Dacite Member: The cross-cutting relationships 
displayed by the middle Carne Dacite Member and the inclusion of rafts of 
Kerillon Tuff Member Unit 2 within the Brisbane Meadows body indicate 
emplacement after eruption of the Kerillon Tuff Member. The Brisbane 
Meadows and Lumley Park occurrences are compositionally distinct and are 
likely to be the products of two discrete magmatic episodes. The relative 
timing of dacite emplacement in these two areas cannot be demonstrated
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from field relationships as interpretation of the geology between Lumley 
Park and Brisbane Meadows (Fig. 2.2) is hampered by complex facies 
changes and very poor exposure of many lithologies. Indirect evidence, 
however, from the overall stratigraphic succession in both areas supports 
emplacement of the Lumley Park dacite first. Figure 6.8 depicts the 
proposed geological development of the area between Brisbane Meadows 
and Lumley Park in an attempt to demonstrate the relative timing of dacite 
emplacement in both areas.
The absence of in situ Unit 2 Kerillon Tuff Member ignimbrite between 
Tangerang Creek and Lumley Park is best explained by rapid erosion soon 
after emplacement (Fig. 6.8a), leaving remnants in the Tangerang Creek, 
Brisbane Meadows and Lumley Park areas. Up-doming of the sequence at 
Lumley Park by emplacement of the middle Carne Dacite Member may have 
promoted fluvial reworking of the tuffaceous rocks in this area to form the 
wedge of tuffaceous sandstone extending north and south of Lumley Park 
(Fig. 6.8b). Following final emplacement of the Lumley Park cryptodome, 
either erosion of the roof rocks or contemporaneous lava flows provided the 
abundant dacitic detritus found in the sequence of pebbly tuffaceous 
sandstone that overlies the southern part of the Kerillon Tuff Member at 
Lumley Park (Fig. 6.8c). Influx of fine-grained quartz sand covered much of 
the tuffaceous sandstone wedge north of Lumley Park and may have 
originally covered the sequence at Lumley Park as well. The dacite body at 
Brisbane Meadows was emplaced as a cryptodome into this quartz 
sandstone sequence, dislodging remnants of the Kerillon Tuff Member as 
well as rafts and blocks of quartz sandstone as it intruded and possibly 
broke onto the surface as lava flows (Fig. 6.8d).The upper part of the dacite 
was removed prior to the eruption of the voluminous Barrallier Ignimbrite.
This proposed scenario best explains not only the timing of dacite 
emplacement, but also the development of reworked facies around the
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Lumley Park area and the rafts of older lithologies in the Brisbane Meadows 
dacite.
4. The upper Carne Dacite Member: The dacite bodies in the upper part of 
the Tangerang Formation are the least constrained in terms of their mode 
and time of emplacement. Despite lack of contact relationships with 
surrounding lithologies, the broadly cross-cutting outlines favour 
interpretation of the upper Carne Dacite Member bodies as small high-level 
intrusions. These dacite bodies occur in the upper part of the Tangerang 
Formation, except for the small pod in Kerillon Creek which appears to cut 
across the boundary between the Tangerang Formation and the younger 
Barrallier Ignimbrite. Emplacement may have taken place as both intrusions 
and extrusions immediately prior to eruption of the Barrallier Ignimbrite .
5. General c o n c lu s io n s : The exact number of episodes of dacite 
emplacement cannot be accurately determined due to uncertainties 
regarding the source of dacitic clasts in the upper part of the Tangerang 
Formation. At least four episodes of dacite emplacement, however, appear 
likely. Emplacement of lava flows, domes and small intrusions has been 
envisaged by some authors as the last phase of a cycle of explosive 
volcanism (Sparks et al. 1973). By analogy with younger volcanic areas, 
such as the Taupo Volcanic Zone (Wilson et al. 1984), multiple episodes of 
effusive volcanism are likely during the development of a large-scale, 
multiple source volcanic zone such as the Bindook Volcanic Complex, 
possibly over a period of several million years.
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fi.3 THE KERRAWARRA DAC1TE MEMBER
The Kerrawarra Dacite Member consists mainly of massive to flow 
banded dacite and a volumetrically minor amount of reworked dacitic 
detritus and shale. It is named after the property "Kerrawarra" in the Big Hill 
district (Fig. 6.2), the main area of exposure. The Kerrawarra Dacite 
Member resembles the Came Dacite Member in whole rock chemical 
composition (Table 6.1 and Fig. 6.5) and modal mineralogy, but differs in 
extent, outcrop appearance and texture.
In the Big Hill area the Kerrawarra Dacite Member can be traced 
continuously for 16 km (Fig. 6.2). South of this area the unit occurs as 
discontinuous pods in the Joaramin Ignimbrite at Brayton (Fig. 2.3), either 
as erosional remnants or included blocks, and as a thin lens west of Marulan 
and a second southward thinning lens between Marulan and Tangerang 
Creeks (Fig. 6.3). Remnants of the Kerrawarra Dacite Member occur over a 
distance of 35 km, but as both the northern and southern limits are covered 
by the Barrallier Ignimbrite, the original extent may have been substantially 
greater.
Poor understanding of the structure in the Big Hill area has prevented 
accurate estimation of the thickness or volume of the Kerrawarra Dacite 
Member. At Big Hill the Kerrawarra Dacite Member is preserved in the core 
of a regional syncline but flow foliations measured within the dacite are 
chaotic in orientation and the top of the member cannot be defined 
accurately. Sections constructed across this area (Fig. 2.10) indicate a 
thickness for the Kerrawarra Dacite Member (including volcaniclastic rocks 
at the top) of at least 700 m. In the Tangerang Creek area the flow foliation 
is more regular in orientation and dips consistently to the west. A thickness 
of approximately 550 m, excluding the intercalated lens of the upper Came 
Dacite Member, has been calculated for the Kerrawarra Dacite Member
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north of Tangerang Creek. Internal stratigraphic divisions have not been 
recognised in outcrop in this area.
6.3.1 Outcrop characteristics of the Kerrawarra Dacite Member
a. Character of the dacite: A large proportion of the Kerrawarra Dacite 
Member consists of massive to flow banded dacite that is essentially 
homogeneous in composition and texture throughout the outcrop area. 
Discontinuous areas of finer grained dacite and autobrecciated dacite are 
the only lithological variants recognised, apart from the reworked facies 
described below.
The Kerrawarra Dacite Member in both the Big Hill and Tangerang 
Creek areas was emplaced onto an erosional surface cut into the Kerillon 
Tuff Member, although clasts of older Tangerang Formation lithologies were 
not incorporated at the base of the dacite. In the Big Hill area a 
discontinuous lens of chert, containing large angular clasts of ignimbrite 
from the underlying Kerillon Tuff Member, underlies the Kerrawarra Dacite 
Member. The Kerrawarra Dacite Member is overlain by an unnamed dacitic 
ignimbrite (Chapter 7.4) and elsewhere is unconformably overlain by the 
Barrallier Ignimbrite.
Dacite close to the base of the Kerrawarra Dacite Member is 
generally very dark and massive, although scattered outcrops in the 
Tangerang Creek area display a streaky foliation that, at outcrop scale, 
could easily be mistaken for an extremely flattened pumice clast foliation 
(Fig. 6.7c). Thin section examination reveals that the streaks are texturally 
the same as the rest of the dacite, lack evidence of original vesicularity, and 
contain plagioclase laths that cut across the boundary between the streaks 
and the surrounding rock. Lenticular features of the type shown in 
Figure 6.7c are most likely the product of secondary alteration.
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In several outcrops close to the base of the Kerrawarra Dacite 
Member in the Big Hill and Tangerang Creek areas, abundant dark lenses, 
several centimetres long, also resemble flattened pumice clasts. In thin 
section these lenses are characterised by a chloritised pilotaxitic 
groundmass and contain similar proportions of plagioclase and quartz 
phenocrysts to the enclosing rock. These and other lenticular entities also 
lack evidence of vesicularity and their outcrop appearance results from finer 
or coarser grained recrystallisation of lenticular patches of groundmass or 
preferential concentration of alteration minerals and opaques.
In the Big Hill and Tangerang Creek areas, flow banding in the basal 
part of the Kerrawarra Dacite Member is very diffuse and widely spaced. The 
flow banding gradually becomes more apparent up sequence. From 
approximately 50 m above the base, well developed flow banded dacite 
occurs sporadically throughout the Kerrawarra Dacite Member in the Big Hill 
area, although it is volumetrically minor compared with massive dacite. A 
narrow zone (between 2 and 5 m thick) of very well developed flow banded 
dacite can be traced for approximately 1.3 km in the Tangerang Creek area 
but this continuity has not been observed elsewhere.
Flow banding (Fig. 6.7d) is characterised by alternating dark and 
slightly lighter bands, 1 to 2 cm wide, on fresh surfaces and by more 
recessive zones or streaky alteration on weathered surfaces (Fig. 6.7e). In 
thin section the flow banding displays variable degrees of recrystallisation of 
the original fine-grained groundmass and is best observed where it wraps 
around larger phenocrysts of feldspar or quartz or where accentuated by 
opaque or mafic minerals.
Flow banding is generally straight and planar at outcrop scale 
(Fig. 6.7f) but may vary up to 20 degrees in dip and 70 degrees in strike 
over approximately 30 m, suggesting the presence of large-scale flow folds. 
Wavy flow banding is rare and small-scale; broad flow folds of 1 m
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wavelength have been observed in only one locality. The flow banding 
wraps around rare larger lithic fragments (Fig. 6.7g) but most fragments are 
smaller than 3 to 4 cm in diameter and have little effect on the flow banding 
at this scale (Fig. 6.7d). Rare elongate lithic fragments tend to be either 
aligned or slightly imbricate to the flow banding.
On a regional scale, the orientation and consistency in orientation of 
flow banding varies between the Big Hill and Tangerang Creek areas. In the 
Big Hill area, and at the Tarlo River in particular, the orientation of flow 
banding is diverse despite its planar character at outcrop scale (Fig. 6.9). It 
displays no consistency in orientation with the underlying rocks, presumably 
reflecting the presence of large-scale flow folds or large-scale brecciation of 
the dacite in this area. In contrast, rare occurrences of flow banding 
observed in the Tangerang Creek area dacite outcrops are relatively uniform 
in orientation and are consistent with bedding in the underlying rocks 
(Fig. 6.3).
Autobrecciated dacite is locally conspicuous in the Big Hill area, 
particularly along the western margin of the Kerrawarra Dacite Member and 
in the Tarlo River. A single locality of autobreccia has been found in one of 
the discontinuous pods within the Joaramin Ignimbrite at Brayton, but none 
has been found in the Tangerang Creek area. Angular autobrecciated dacite 
clasts, up to 30 cm across, occur mainly as recessive areas on weathered 
surfaces (Fig. 6.10a) but are also visible on some relatively fresh surfaces 
(Figs 6.10b and 6.10c) and may be enhanced where clasts are flow 
banded. In thin section, clasts within the autobrecciated dacite can only be 
distinguished from the groundmass by a fine sprinkling of green alteration 
minerals and tiny opaque grains.
Accidental lithic fragments are a very minor component of the 
Kerrawarra Dacite Member. The fragments are invariably purplish, fine­
grained feldspathic volcanic clasts (Fig. 6.1 Od), consisting of plagioclase
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and mafic phenocrysts set in a trachytic groundmass. Texturally, the lithic 
fragments resemble parts of the Kerrawarra Dacite Member, although the 
fragments lack quartz phenocrysts and have a coarser grained groundmass. 
The fragments range from angular to sub-rounded and are mainly 3 to 4 cm 
in diameter but range up to 15 cm across.
b. Character of the Volcaniclastic rocks: Discontinuous horizons of shale and 
coarse- to fine-grained feldspathic sandstone occur near the top of the 
Kerrawarra Dacite Member in the Big Hill area (Fig. 6.2). Many of these 
lenses consist of thinly bedded shale, siltstone and sandstone, including 
graded beds, that contain locally abundant plant fragments (Erickson 1986). 
The thickest shale and volcaniclastic lens (approximately 350 m thick) 
includes abundant graded and non-graded beds of dacitic detritus. Graded 
beds, which are up to 1m  thick, consist of coarse- to fine-grained 
feldspathic sandstone and contain abundant basal shale rip-up clasts and 
angular dacitic and cherty clasts up to 5 cm across. Non-graded beds are 
generally diffusely planar laminated but some are medium-scale cross- 
bedded.
The shale and volcaniclastic lenses are interpreted as fluvio- 
lacustrine deposits, derived mainly from reworking of the underlying dacite. 
Graded sandstone beds that occur within shale-dominated sequences are 
interpreted as lacustrine mass-flow deposits, whereas non-graded coarser 
grained bedded sandstone and massive crystal-rich dacitic detritus are more 
likely to be fluvial deposits.
In Wattle Creek two lenses of shale and feldspathic sandstone are 
separated by weathered dacite. This intervening dacite contains abundant 
contorted lenses of shale which were probably plastic in character when 
incorporated into the dacite. Squeezing and dewatering has left a 
pronounced selvage of alteration around the clasts. Evidence is lacking to
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determine whether this intervening dacite is a primary deposit or whether it 
is slightly reworked dacitic detritus deposited by sheetwash processes. It is 
therefore impossible to determine whether emplacement of the Kerrawarra 
Dacite Member occurred in this area as a single event followed by erosion 
and reworking or as at least two events separated by a period of erosion and 
reworking.
6.3.2 Petrography of the Kerrawarra Dacite Member
Dacite samples from throughout the Kerrawarra Dacite Member 
contain plagioclase and altered mafic phenocrysts set in a variably 
crystalline groundmass (Appendix 6). The majority of samples contain only 
a small proportion of quartz phenocrysts, together with minor Fe-Ti oxides. 
Glomeroporhyritic aggregates up to 1 cm in diameter comprising mafic 
minerals, plagioclase and minor Fe-Ti oxides are a relatively common 
accessory constituent.
Plagioclase is the dominant phenocrystic phase in the dacite and 
occurs as euhedral subequant grains up to 5 mm in length, small 
m onom inerallic aggregates or as a minor constituent of many 
glomeroporphyritic aggregates. Many plagioclase grains are zoned and the 
majority are unbroken. Strongly embayed anhedral quartz phenocrysts, up 
to 4.5 mm in diameter, are a minor phase in the dacite.
M afic phenocrysts are genera lly  rep laced en tire ly  by 
tremolite/actinolite or chlorite but fresh augite and very rare fresh hornblende 
grains are evident in some samples (Appendix 6). Mafic phenocrysts are 
rectangular in habit, ranging up to 3 mm in length, and are the major 
component of the glomeroporhpyritic aggregates.
The groundmass ranges from finely to coarsely microcrystalline, and 
comprises a variety of textural types. A faint flow foliation, which wraps 
around phenocrysts, occurs in the groundmass of some samples. This
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foliation is defined by a faint, continuously swirly texture (Fig. 6.10e) but in 
many samples is enhanced by aligned acicular plagioclase grains 
producing a poorly defined pilotaxitic texture (Fig. 6.1 Of), or by lines of very 
fine-grained mafic minerals.
The diffuse floyv foliation in the Kerrawarra Dacite Member 
superficially resembles a very fine welded fabric in ignimbrite, but lacks any 
suggestion of original glass shards that may indicate a fragmental origin. 
Even the matrix of densely welded ignimbrite units in the Bindook Volcanic 
Complex, which have a continuous flow-like appearance in thin section, 
display some evidence of original flattened Y-shaped shard forms. The 
absence of any detectable shard forms in the Kerrawarra Dacite Member 
and the pilotaxitic texture of the groundmass in some samples, favours 
formation of the diffuse layering by flow rather than welding.
Other Kerrawarra Dacite Member samples contain groundmass that 
appears to be very fine-grained in plane polarised light, but under crossed- 
polars it is characterised by a diffuse patchy appearance. This fabric is 
interpreted as an effect of devitrification of the originally glassy groundmass 
and is supported by the occurrence of abundant tiny spherulites in one 
sample. In many samples, the devitrified groundmass has been completely 
recrystallised to form a fine-grained aggregate of feldspar and quartz.
Modal results for 20 Kerrawarra Dacite Member samples 
(Appendix 6) display a similar range in most components to the entire 
Came Dacite Member but a much larger range than any of the individual 
associations in the Came Dacite Member (Figs 6.6e and 6.11). Quartz 
phenocrysts are noticeably less abundant in the Kerrawarra Dacite Member 
compared with the Came Dacite Member (Figs 6.6e and 6.11a) but other 
components have a similar range in frequency (Fig. 6.6e). The large range 
in modal contents of individual crystal components and the proportion of 
groundmass is likely to be coincidental rather than reflect multiple source
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areas for the dacite because the Kerrawarra Dacite Member is texturally 
indistinguishable throughout its exposed length. Systematic up sequence or 
lateral changes in modal abundances have not been detected.
6.3.3 Emplacement of the Kerrawarra Dacite Member
Emplacement of the Kerrawarra Dacite Member as a high level 
intrusive complex is discounted largely by the occurrence of feldspathic 
sandstone and shale near the top of the sequence at Big Hill which has 
clearly been derived from reworking of the underlying Kerrawarra Dacite 
Member and by the occurrence of dacite clasts in overlying ignimbrite units. 
Two possible modes of emplacement are suggested by the outcrop and 
petrographic features of the Kerrawarra Dacite Member. These comprise:
1. extensive lava flows; or
2. strongly rheomorphic ignimbrites in which evidence of a fragmental
eruptive style has been destroyed.
The interpretation of large volume, widespread silicic volcanic rocks, 
which have dimensions of pyroclastic flows but the character of lavas, has 
received increased debate in recent years, although the origin of many 
examples cited in the literature remains controversial. Some examples 
include deposits retaining clear evidence, albeit minor in some cases, of 
either a pyroclastic or lava flow origin, and a third group comprising rocks 
which lack criteria that may satisfactorily distinguish between the two origins. 
The third group, termed lava-like tuff, has been variously interpreted as 
unusually extensive lavas or as poorly expanded pyroclastic flows, erupted 
without significant fragmentation or fine ash loss and which underwent 
agglutination during flow and comprehensive secondary (rheomorphic) flow 
after emplacement. These processes may entirely obliterate all original 
pyroclastic features.
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Tables 6.2 and 6.3, based on a review of recent literature, list the 
major features of lava and rheoignimbrite/lava-like tuff respectively, with the 
aim of isolating diagnostic criteria that may assist interpretation of the 
Kerrawarra Dacite Member. Comparison of the features listed in the tables 
indicates that the two groups have many features in common, highlighting 
the problems associated with interpretation of units such as the Kerrawarra 
Dacite Member.
While the majority of unequivocal silicic lava flows are generally 
regarded as thick stubby deposits, examples of significantly more extensive 
silicic lavas have been recorded. Probably the best known of these is the 
Quaternary dacitic Chao lava flow in Chile (Guest and Sanchez 1969; Self 
and DeSilva 1989), which is a composite lava with a volume of 
approximately 24 km3- The Chao dacite consists mainly of lava erupted in 
two distinct episodes, but smaller volumes of fragmental material are 
associated with the dacite (Self and DeSilva 1989). Other large volume, 
extensive silicic lava flows have been recognised in young volcanic 
provinces in the western United States, such as the Snake River Plain 
(Bonnichsen and Kauffman 1987), the Yellowstone area (Christiansen and 
Blank 1972; Christiansen and Hildreth 1989) and the Trans-Pecos, Texas 
(Henry et al. 1988, 1989). Older examples of probable extensive subaerial 
lavas have been documented in Baja California (Hausback 1987) while the 
Lebombo and Rooiberg areas of southern Africa (Wachendorf 1973; Twist 
and French 1983) are still in contention as possible lavas.
Many of the examples listed above have been traced laterally for 
distances between 15 and 40 km and, in the case of the Trans-Pecos units, 
up to 70 km. The extent of individual units in the Kerrawarra Dacite Member 
is unknown but a lateral extent in excess of 35 km for the unit as a whole, in 
addition to its large thickness, indicates volumes comparable with these 
examples. Therefore if the Kerrawarra Dacite Member is interpreted as a
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lava it clearly falls into the extensive, large volume category of silicic lava 
flows.
In a discussion of the factors that govern the length of lava flows, 
Walker (1973) suggested that the single-most important factor is the rate of 
effusion. Data, collected largely from volcanoes producing mafic lavas 
(Walker 1973), indicate that high rates of effusion produce flows of longer 
length. Subsequent work to that of Walker, mainly in the western United 
States, suggested that a number of factors combined to produce the 
unusually extensive silicic lavas found in these areas. The factors most 
frequently cited include high effusion rates, large volumes of available 
magma, high eruption temperature and efficient heat retention (Bonnichsen 
and Kauffman 1987; Manley 1989; Parker 1989; Christiansen and 
Hildreth 1989; Henry et al. 1989). Less important factors include the 
magma's chemical affinity (many large flows being alkaline in composition), 
and elevated fluorine contents (Henry et al. 1989).
Rapid discharge of large volumes of magma enhances the retention 
of heat and keeps volatile loss to a minimum; both of these factors effectively 
lowering the viscosity, thus allowing the lava to flow further (Bonnichsen and 
Kauffman 1987; Christiansen and Hildreth 1989). Many of the western 
United States examples of extensive silicic lavas are characterised by 
anhydrous phenocryst assemblages and high extrusion temperatures, in the 
order of 850° to 1000° (Bonnichsen and Kauffman 1987; Henry et 
al. 1989), suggesting low amounts of dissolved water in the magma. Initial 
low water contents in the magma reduce the chance of the magma 
exploding fragmentally when it reaches the surface (Bonnichsen and 
Kauffman 1987), assist in the maintenance of high temperatures after 
eruption and, therefore, favour a relatively fluid lava flow (Henry et al. 
1988, 1989; Wolff 1989). This contrasts with silicic magmas with high water 
contents, which will degass rapidly on reaching the surface, increasing
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viscosity and producing undercooled glassy flows of limited extent 
(Wolff 1989; Henry et al. 1989).
Pyroclastic deposits, strongly affected by rheomorphism, share many 
of the characteristics of extensive silicic lava flows (Tables 6.2 and 6.3). 
Rheomorphism refers tq secondary movement of an ignimbrite after it has 
been emplaced as a deposit of hot unconsolidated pyroclasts (Wolff and 
Wright 1981). The ignimbrite remains sufficiently hot that it is able to retain a 
sufficiently low viscosity to move farther downslope, behaving as a coherent 
lava in this final phase of emplacement. In this manner, features such as flow 
banding and folding, autobrecciation and stretching of vesicles which are 
normally attributed to lava flows, can be formed during rheomorphism. The 
degree to which these secondary features superimpose and obliterate the 
primary pyroclastic features of an ignimbrite depend largely on the amount 
of post-depositional movement which, in turn, is governed by factors 
including the slope involved, the thickness of the ignimbrite and its viscosity 
(Wolff and Wright 1981; Henry et al. 1989). The Gomez Tuff, in the Trans- 
Pecos, can be traced from distal outcrops virtually unaffected by 
rheomorphism, to near-vent strongly rheomorphic outcrops that can only be 
distinguished from lavas by rare included shards and lithic fragments which 
also occur in distal parts of the same flow (Henry et al. 1989). The Barrel 
Springs Formation in the same area preserves pyroclastic features only in 
the basal few metres of sections >100 m thick (Henry et al. 1989). In both of 
these units the rheomorphic effects increase up sequence, marked by 
increasingly contorted flow banding or the development of thick breccias. 
For these well documented examples, and other units described from 
Colorado (Chapin and Lowell 1979), Gran Canaria (Schmincke and 
Swanson 1967; Wolff and Wright 1981) and the Comerong Volcanics in 
eastern Australia (Dadd 1988), retention of some primary pyroclastic 
features has enabled their unequivocal interpretation as remobilised
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ignimbrite. In other areas lacking definitive evidence, however, such as parts 
of the Snake River Plain in the United States and the Lebombo Belt in 
southern Africa, conflicting interpretations have been proposed by different 
authors for the same sequence of rocks. Rhyolite, lacking definitive 
pyroclastic features in the Bruneau-Jarbidge area of the Snake River Plain, 
has been interpreted as densely welded ignimbrite by Ekren et al. (1984). 
The same sequence of rocks, which is characterised by basal and upper 
breccias, thick flow lobes with steep margins and a lack of lithic fragments, 
broken phenocrysts or shards, has been more convincingly interpreted as a 
series of lava flows by Bonnichsen and Kauffman (1987).
Rhyolite in the Mesozoic Lebombo Belt was originally interpreted as 
large silicic lava flows (Wachendorf 1973). The same group of rocks were 
reinterpreted as rheoignimbrites on the basis of questionable criteria 
including the large extent and thickness of the deposits and a eutaxitic-like 
banding (Cleverly 1979; Bristow 1982; Twist et al. 1989).
These examples highlight the difficulties that exist in distinguishing 
strongly rheomorphic tuff from extensive lava flows, especially in older, less 
well exposed areas. A third category of rocks, called lava-like tuff, has 
recently been proposed (Wolff 1989; Henry et al. 1989), and may include 
some of the above examples. In this group of rocks, agglutination of the 
pyroclasts occurs as a primary process within the moving pyroclastic flow 
rather than as a secondary process (cf. welding and rheomorphism) after the 
flow has come to rest, although secondary movement may occur as well 
(Henry et al. 1989). In-flow agglutination of relatively low viscosity material 
is likely to largely or totally destroy evidence of a pyroclastic origin, such as 
shards and pumice. Henry et al. (1989) and Wolff (1989) envisaged the type 
of eruption that produces a lava-like tuff as gas-poor with a low eruption 
column, producing hot dense pyroclastic flows of poorly fragmented material 
which contain a small or nonexistent proportion of vent-derived lithic
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fragments and broken phenocrysts. Increased viscosities, through cooling 
after emplacement, would still allow substantial secondary rheomorphic 
movement to occur (Henry et al. 1989). The combined effects of in-flow 
agglutination and post-depositional rheomorphism may result in deposits 
where pyroclastic featgres, even at flow bases, have been destroyed 
entirely.
It is these lava-like tuff deposits and their similarities to lava flows, that 
create problems in the interpretation of ancient sequences such as the 
Kerrawarra Dacite Member. Reliable criteria for distinguishing lava from 
lava-like tuff are sparse (Tables 6.2 and 6.3) and rely on well exposed and 
structurally well understood sequences. Henry et al. (1989) and Wolff (1989) 
concluded that the relationships between basal breccias and the underlying 
topography, together with the range of clast lithologies within these breccias, 
may be the only reliable criteria for distinguishing lavas and lava-like tuffs 
(cf. Sleeping Lion Formation, Trans-Pecos). Basal breccias in lava flows are 
formed by crumbling of the more viscous and fragmented flow front and 
margins with subsequent movement of the coherent, interior parts of the flow 
over this detritus. The breccias are therefore thickest in valleys, where more 
material has been spalled off on the steeper slopes, and include a range of 
clast types such as massive, flow foliated and vesicular lava from throughout 
the flow thickness (Henry et al. 1989). Conversely, brecciation at the base of 
a lava-like tuff during post-depositional rheomorphism will produce a breccia 
that is not controlled by the topography and contains clasts only of the basal 
lithologies of the unit (Henry et al. 1989).
Having emphasised the difficulties in distinguishing extensive silicic 
lava flows from rheoignimbrite and particularly lava-like tuff in well exposed 
areas (Tables 6.2 and 6.3) it is appropriate to re-examine the features of 
the Kerrawarra Dacite Member in light of this literature survey. The major 
characteristics of the Kerrawarra Dacite Member are summarised in
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Table 6.4. Comparison of the Kerrawarra Dacite Member data and the 
literature summaries (Tables 6.2 and 6.3), highlights the absence of any 
definite pyroclastic features in the Kerrawarra Dacite Member, such as 
shards and gas segregation pipes and, less importantly, the absence of 
abundant lithic fragments, pumice and broken phenocrysts. The absence of 
these features strongly suggests that the Kerrawarra Dacite Member is not a 
rheoignimbrite. Textures preserved in the unit, such as flow banding and 
autobrecciation, indicate that the last stage of movement of the Kerrawarra 
Dacite Member was by coherent viscous flow, regardless of whether the 
initial eruption was explosive or effusive.
It remains, therefore, to attempt to identify the Kerrawarra Dacite 
Member as either a true lava flow or a lava-like tuff as described by Wolff 
(1989) and Henry et al. (1989). The major problem in evaluating these 
possibilities for the Kerrawarra Dacite Member, apart from poor exposure of 
critical basal areas and the effects of alteration and weathering, is 
determining the relevance of the brecciated parts of the unit. The internal 
stratigraphy and structure of the Kerrawarra Dacite Member in the Big Hill 
area, although poorly defined, suggest that the breccias occur within the 
body of the dacite and are not basal breccias. Breccias have not been found 
along the eastern margin of the Kerrawarra Dacite Member, the only part 
which can be identified confidently as the base of the unit, in either the Big 
Hill or Tangerang Creek areas. It is therefore doubtful that basal breccias 
exist in the Kerrawarra Dacite Member unless they are very thin or 
discontinuous. Thus, the single criteria regarded by Wolff (1989) and Henry 
et al. (1989) as reliable in distinguishing lava from lava-like tuff, cannot be 
applied to the Kerrawarra Dacite Member. While emplacement as a lava-like 
tuff cannot be totally discounted other features (including the homogeneous 
nature of the Kerrawarra Dacite Member, paucity of lithic fragments and 
broken phenocrysts, widespread but patchy development of flow banding
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and autobrecciation, and the occurrence of a faintly flow foliated or pilotaxitic 




OTHER SILICIC VOLCANICS IN THE BINDOOK VOLCANIC
COMPLEX
7.1 INTRODUCTION
In the preceding five chapters a variety of lithologies in the Tangerang 
Formation, which comprises a substantial portion of the southern half of the 
Bindook Volcanic Complex, have been described and interpreted. Five other 
silicic volcanic units have been recognised elsewhere in the Bindook 
Volcanic Complex during mapping carried out for this thesis and by previous 
workers. Two of these units, the Joaramin and Barrallier Ignimbrites clearly 
overlie parts of the Tangerang Formation but the other three units occur in 
the northern half of the Bindook Volcanic Complex and their exact position in 
the overall stratigraphy has not been determined precisely.
The volcanic units described in this chapter are delineated in 
Figure 7.1 and the stratigraphic relationships between them and older parts 
of the Bindook Volcanic Complex are shown in Table 1.1. The units are 
outlined as follows from oldest to youngest:
1. Rhyolitic and subordinate dacitic ignimbrite overlie parts of the Tangerang 
Formation in the area between the Tarlo River and Bungonia. A distinctive 
coarse-grained K-feldpsar- and biotite-bearing rhyolitic ignimbrite is named 
the Joaramin Ignimbrite.
2. A sequence of rhyolitic tuff and sedimentary rocks, centred around the 
Wombeyan Limestone inlier, are referred to informally as the Wombeyan 
volcanics (Hansen 1979). These rocks are restricted to the northern half of 
the Bindook Volcanic Complex
3. The Kowmung Volcaniclastics (Powell and Fergusson 1979; Cas et 
al. 1981), a sequence dominated by deep marine mass-flow beds, are
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separated geographically from the remainder of the Bindook Volcanic 
Complex by the Late Silurian Taralga Group. Positioning this sequence 
within the Bindook Volcanic Complex depends on matching clast lithologies 
within the Kowmung Volcaniclastics with volcanic units delineated in the 
Bindook Volcanic Complex.
4. A regionally extensive dacitic crystal-rich ignimbrite has been mapped as 
a semi-continuous sheet between Yerranderie and Bungonia and has also 
been identified as a remnant near Goulburn. This unit, referred to as "dacite 
tuff" in Simpson (1986), is defined as the Barrallier Ignimbrite in this thesis. 
The Barrallier Ignimbrite is volumetrically the largest unit recognised in the 
Bindook Volcanic Complex and it overlies the Tangerang Formation with an 
erosional contact. A sample of Barrallier Ignimbrite from the Bungonia area 
has a hornblende K-Ar age of 399 ± 7 Ma (Carr et al. 1980).
5. A dacitic-rhyodacitic volcanic centre in the Yerranderie area was 
described by Fergusson (1980). The Yerranderie sequence, which overlies 
the Barrallier Ignimbrite, is the youngest recognised volcanic unit in the 
Bindook Volcanic Complex and is not described further in this thesis.
This chapter describes the first four facies outlined above, with the 
principal aim of defining the remainder of the Bindook Volcanic Complex 
stratigraphy more precisely. The Wombeyan volcanics have not been re­
examined in outcrop during this study, but equivalent rocks have been 
mapped in the Tarlo River area. The Kowmung Volcaniclastics have been 
examined briefly, but discussion of this sequence is based largely on the 
work of Cas et al. (1981). These two units are described first, followed by 
work on the newly defined Joaramin and Barrallier Ignimbrites, which is 
based exclusively on work carried out during preparation of this thesis or 
reported in Simpson (1986).
1 8 7
7.2 THE WOMBEYAN VOLCANICS
The Wombeyan volcanics occur adjacent to the western margin of the 
Bindook Volcanic Complex in the vicinity of Wombeyan Caves (Figs 7.1 
and 7.2). They unconformably overlie the small inlier of probable Late 
Silurian Wombeyan Limestone and underlie or are in fault contact with the 
Barrallier Ignimbrite to the east and Ordovician strata to the north and west 
(Hansen 1979). The southern extent of the Wombeyan volcanics has not 
been determined accurately, but Hansen (1979) traced the unit over a strike 
length of 9 km (Fig. 7.2).
7.2.1 Facies within the Wombeyan volcanics
The most recent mapping of the Wombeyan volcanics, carried out by 
Hansen (1979), reported a complex sequence of rhyolitic tuff and breccia 
interbedded with rhyodacite lava and discontinuous lenses of pebbly 
sandstone. Boundaries between these lithologies were not mapped and the 
stratigraphic succession proposed by Hansen (1979) was deduced largely 
from two regional sections along major creek systems cross-cutting the area. 
Structural complexities, arising from faulting, dyke emplacement and folding 
have further hampered elucidation of the geology of this area.
Rhyolitic tuff, up to 100 m thick, is the volumetrically major lithology in 
the Wombeyan volcanics (Hansen 1979). The rhyolitic tuff is generally 
crystal- and lithic-poor, with most samples containing less than 20% modal 
quartz and minor plagioclase fragments. Hansen (1979) reported that these 
rocks are strongly foliated and in places welded. Inspection of thin sections 
during this study revealed abundant non-welded relict shards and tube 
pumice clasts but no definitive evidence of welding. In some samples, 
however, relict shards are strongly compacted to form a lenticular foliation 
(Hansen 1979). Scattered occurrences of pumice-rich rock, crystal-rich tuff,
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one outcrop of breccia, and minor rhyolite dykes and lava flows, are facies 
variations described by Hansen within the rhyolitic tuff sequence.
Five lenses of pebbly sandstone were reported from the Wombeyan 
volcanics by Hansen (1979). These lenses are locally in the order of 100 m 
thick (Hansen 1979), arp massive and poorly sorted and consist mainly of 
immature volcanic detritus. The pebbly sandstone lenses were interpreted 
as products of coeval erosion of the underlying Wombeyan volcanics by 
Hansen (1979).
Three intervals of rhyodacite lava, interbedded with the rhyolitic tuff 
sequence, were proposed by Hansen (1979). Hansen noted that lenticular 
pebbly sandstone lenses "overlying" rhyodacite lava near the top of the 
sequence, contain abundant rhyodacitic lava clasts, as opposed to rhyolitic 
tuff and Ordovician clasts that dominate stratigraphically lower pebbly 
sandstone occurrences. He used this evidence to suggest eruption of 
rhyodacitic lava synchronously with emplacement of the rhyolitic tuff, lava 
and pebbly sandstone sequence. Examination of 20 thin sections of pebbly 
sandstone from the Wombeyan Caves area has failed to find any clasts that 
closely resemble rhyodacites in the Wombeyan area. Rhyolitic tuff is the 
major clast lithology in these samples, which also contain lesser amounts of 
chert, quartz sandstone and originally pumiceous material. An alternative 
origin for the rhyodacite occurrences is as one or more intrusions emplaced 
after the eruption of the Wombeyan volcanics. The relationship between the 
rhyodacite and the Barrallier Ignimbrite at Wombeyan Caves cannot be 
demonstrated.
The rhyodacite occurrences at Wombeyan Caves are sim ilar in 
texture and composition to the upper Came Dacite Member in the southern 
half of the Bindook Volcanic Complex and to other massive dacite and 
rhyodacite bodies in the Bullio and Yerranderie areas. Temporal correlation
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between some or all of these bodies is possible but is beyond the scope of 
this thesis.
7.2.2 Correlation and evaluation of the Wombeyan volcanics
A wedge of rhyolitic tuff, breccia and lava has been identified adjacent 
to the western margin of the Bindook Volcanic Complex in the Tarlo River. 
This area is approximately 20 km south of the sequence at Wombeyan 
Caves (Fig. 7.1) but on the basis of lithological similarities they are likely to 
be correlatives.
The Tarlo River sequence is juxtaposed against Ordovician rocks and 
is covered by the younger Barrallier Ignimbrite to the east. Grading within the 
sequence indicates younging towards the east. A crystal-poor silicic lava, 
approximately 40 m thick, occurs at the base of the sequence. The lava is 
mainly massive except for the upper 10 m which is flow banded (Fig. 7.3a). 
The lava is overlain, with a faulted and brecciated contact, by a single 
graded bed approximately 100 m thick. Matrix-supported breccia at the 
base of this bed contains subangular to subrounded clasts, up to 3 m 
across, of quartzite, chert, shale, fossiliferous limestone and minor fine­
grained silicic volcanic rocks (Fig. 7.3b). These clasts and abundant quartz 
and feldpsar fragments occur in a fine-grained matrix (Fig. 7.3c). Clasts at 
the base of the bed are aligned parallel to the basal contact but above the 
basal few metres they are randomly distributed. The breccia grades up into 
progressively finer grained massive tuffaceous material composed of 
smaller and less abundant clasts and greater proportions of pumiceous and 
shard-rich matrix. Relict shards are non-welded, as in the Wombeyan 
volcanics, but flattened pumice fragments (Fig. 7.3d) are very abundant at 
the top of the sequence, closely resembling pumiceous tuffs from the 
Wombeyan area.
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Clear indicators of depositional environment have not been found in 
the Tarlo River rocks, but the occurrence of a thick massive and graded unit 
containing detritus of mixed provenance favours emplacement as a 
subaqueous debris flow. A solitary coral identified in the breccia matrix 
provides equivocal support for such an interpretation, but this fossil may 
equally have been derived from in situ limestone at Wombeyan Caves.
The depositional environment of the Wombeyan volcanics is also 
unresolved. A subaerial setting was assumed, rather than demonstrated, by 
Hansen (1979) but the presently known attributes of the sequence are 
equally compatible with emplacement of the rhyolitic tuff and pebbly 
sandstone as either subaerial non-welded ignimbrite and its reworked 
products or as subaqueous mass flows of pyroclastic debris. Furthermore, 
examination of Hansen's outcrop distribution indicates that the various 
occurrences of rhyodacite lava in the Wombeyan Caves area could equally 
be interpreted as one or more intrusive bodies (cryptodomes), emplaced 
within the rhyolitic tuff sequence, rather than erupted as subaerial lava flows.
The position of the Wombeyan volcanics within the overall Bindook 
Volcanic Complex remains vague. Hansen (1979) has demonstrated that it 
precedes emplacement of the Barrallier Ignimbrite, although doubt remains 
concerning the timing of rhyodacite emplacement in relation to this 
ignimbrite. The temporal relationship between the Wombeyan volcanics and 
other units, such as the Tangerang Formation, is unknown. The two most 
likely possibilities are: (i) that the Wombeyan volcanics are coeval with early 
rhyolitic volcanism in the southeastern part of the Wollondilly Basin, which 
gave rise to the subaqueously emplaced Devils Pulpit Member and 
associated tuffaceous sandstone; or (ii) that the Wombeyan volcanics are 
coeval with part of the Kowmung Volcaniclastics, preserved as a wedge 
approximately 20 km north of Wombeyan Caves (Fig. 7.1).
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Of these two possibilities, the second is favoured because the 
Kowmung Volcaniclastics, the Wombeyan volcanics and the exposures in 
the Tarlo River are all located along the northwestern margin of the Bindook 
Volcanic Complex. Features including grain size, low crystal contents and 
abundant relict shards and pumice within these occurrences suggest 
relatively local derivation of the detritus, rather than the longer transport 
distances implied by a rhyolitic source east of the Wollondilly Basin. On 
compositional grounds, the rhyolitic tuff and minor lava at Wombeyan Caves 
may have provided a large proportion of the detritus in several of the 
lithologies in the Kowmung Volcaniclastics. Possible correlatives between 
the Kowmung Volcaniclastics and the Wombeyan volcanics are discussed 
further in Chapter 7.3.
7.3 THE KOWMUNG VOLCANICLASTICS
The Kowmung Volcaniclastics were formally defined by Powell and 
Fergusson (1979) as a wedge-shaped unit of volcaniclastic rocks, 
conformably overlying the Late Silurian Taralga Group. The sequence has 
an exposed length of approximately 15 km and is unconformably covered 
on its northern and western margins by the Late Devonian Lambie Group 
(Fig. 7.1). An Early to ?Middle Devonian age was proposed for the 
Kowmung Volcaniclastics by Powell and Fergusson (1979) and Cas et al. 
(1981), on the basis of conodonts recovered from limestone clasts in 
conglomerate units at the top of the Taralga Group and near the top of the 
Kowmung Volcaniclastics.
A thickness in the order of 1 km was estimated for the Kowmung 
Volcaniclastics by Cas et al. (1981), who presented four measured sections 
covering up to 825 m of the sequence. Volcaniclastic facies, stratigraphy, 
depositional environments and provenance of the volcanic debris are also 
discussed in Cas et al. (1981). A genetic link between the Kowmung
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Volcaniclastics and the large expanse of the Bindook Volcanic Complex to 
the south was proposed initially by Scheibner (1970) and confirmed by 
subsequent studies (Powell and Fergusson 1979; Cas et al. 1981).
Discussion of the Kowmung Volcaniclastics in this thesis involves a 
summary of the work of Powell and Fergusson (1979) and Cas et al. (1981), 
together with observations made during personal field examination of the 
type section in the Kowmung River and another section in Cobra Creek 
(Fig. 7.4). Description of facies delineated by Cas et al. (1981) within the 
Kowmung Volcaniclastics is aimed at refining possible source areas within 
the main part of the Bindook Volcanic Complex for the volcaniclastic 
sequence.
7.3.1 Facies and stratigraphy of the Kowmung Volcaniclastics
Mudstone and rarer lithic sandstone of the Taralga Group pass 
conformably up into the Kowmung Volcaniclastics, which contains 
increasing volumes of silicic volcaniclastic material and progressively 
smaller amounts of intervening mudstone. The base of the Kowmung 
Volcaniclastics was defined by Cas et al. (1981) as the stratigraphically 
lowest occurrence of quartzo-feldspathic sandstone of silicic volcanic 
provenance. Two major facies associations were defined by Cas et al. 
(1981) within the Kowmung Volcaniclastics. The first, a mudstone facies 
association, comprises the top of the Taralga Group, as well as the basal 
part of the Kowmung Volcaniclastics where it is interbedded with units of the 
second group, a volcaniclastic facies association.
Deposition of massive to laminated mudstone and minor siltstone and 
limestone in the lower part of the Kowmung Volcaniclastics in a quiet marine 
environment was interrupted periodically by emplacement of thin (<3 m) 
graded lithic sandstone and structureless conglomerate beds by low particle 
concentration turbidity currents and debris flows respectively (Cas et
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al. 1981). Abundant fossil material, including crinoids, brachiopods, 
bryozoans and a single trilobite, found in a matrix-supported conglomerate 
in the Kowmung River, together with limestone blocks (Cas et al. 1981), 
indicate reworking of the debris in a shallow marine environment prior to 
slumping into somewhat deeper water.
Sandstone and conglomerate beds in the mudstone facies 
association are distinguished from those in the volcaniclastic facies 
association by: (i) the abundance of intermediate to mafic volcanic fragments 
and the scarcity of silicic volcanic components, indicating a different 
provenance for the two facies (Chapter 7.3.2); (ii) significantly thinner beds; 
(iii) a higher proportion of graded beds with Bouma divisions; and (iv) 
inclusion of redeposited fossil debris.
Four mappable divisions have been defined within the volcaniclastic 
facies association and these are interbedded with progressively fewer 
intervals of mudstone as the stratigraphic column is ascended (Cas et 
al. 1981). The lowermost division consists of sedimentation units up to 
100 m thick, composed of single and multiple beds of non-graded to graded 
quartzo-feldspathic sandstone. Beds are generally massive to diffusely 
laminated and have been interpreted as high particle concentration mass- 
flow deposits (Cas et al. 1981). Chloritised lenticular fragments, interpreted 
as replaced pumiceous clasts, are common in several graded units, and 
redeposited crinoid and coral debris occurs near the base of a thick graded 
unit in the Kowmung River.
The second division consists of thick beds of silicic breccia 
(Fig. 7.3e), overlying the quartzo-feldspathic sandstone. Mainly angular 
clasts of porphyritic and flow banded to massive silicic lava occur within a 
compositionally similar, fine-grained matrix. Silicic breccia in Cobra Creek 
(Fig. 7.4) contains abundant dark green chloritised volcanic fragments in 
outcrop and wispy pumiceous fragments in thin section. These may
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represent at least localised input of pyroclastic detritus but, equally, may be 
derived from the finely vesicular carapace common on subaerial rhyolite 
lava flows (Fink and Manley 1987). Clast size in the silicic breccia ranges 
up to 50 cm and some units grade from basal breccia into microbreccia and 
are capped by very fine-grained siliceous material (Cas et al. 1981). 
Convolute bedding and ripples have been observed in fine-grained beds of 
siliceous mudstone interbedded with thin mesobreccia beds in the 
Kowmung River. The silicic breccia unit is interpreted by Cas et al. (1981) 
as a debris-flow deposit of fragmented silicic lava material, disrupted either 
explosively or by quench fragmentation through contact with water.
The third division in the volcaniclastic facies association is a boulder 
conglomerate (Cas et al. 1981), best developed in Cobra Creek as a single 
graded bed 120 m thick. Elsewhere, minor sandstone is interbedded with 
the conglomerate. The basal portion of the boulder conglomerate is 
characterised by a well sorted, closely packed framework of well rounded 
clasts, up to a maximum of 1 m in diameter (Cas et al. 1981). The 
abundance of tuffaceous sandy matrix increases up sequence producing a 
more open framework. Rapid lateral changes in facies and clast composition 
have been documented by Cas et al. (1981). In Cobra Creek the boulder 
conglom erate is overwhelm ingly dom inated by volcan ic clasts 
(Chapter 7.3.2) but approximately 5 km to the north, Cas et al. (1981) 
reported the occurrence of thinner beds of sandstone and mudstone 
interbedded with a conglomerate dominated by quartzite clasts with fewer 
boulders of limestone, chert and volcanic rocks (Fig. 7.3f). Variations in clast 
lithologies and rapid lateral facies changes led Cas et al. (1981) to propose 
derivation of the conglomerate detritus from a number of high energy, fluvial 
to shoreline point sources. Subsequent transport as non-viscous mass 
flows, such as rock avalanches, into a relatively deep marine environment
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was envisaged as the emplacement mechanism of the boulder 
conglomerate (Cas et al. 1981).
The fourth division of the volcaniclastic facies association is poorly 
exposed beneath the Late Devonian unconformity surface and is relatively 
poorly understood. It is described as a lenticle tuff by Cas et al. (1981) and 
comprises a matrix-rich quartzo-feldspathic sandstone containing abundant 
chloritised lenticular volcanic fragments (Fig. 7.5a). These lenticles, up to 
30 cm long, have wispy ragged shapes and are interpreted as replaced 
pumiceous clasts. The lenticle tuff forms a discrete unit characterised by 
relatively abundant mafic phenocrysts in the Kowmung River, but in Cobra 
Creek a gradation occurs from coarse-grained tuffaceous sandstone at the 
top of the boulder conglomerate into increasingly pumiceous mafic-poor 
lenticle tuff. Pumice lenticles decrease in size and abundance upwards 
within the lenticle tuff unit but the remaining components are not noticeably 
size graded above the basal transition zone from the underlying 
conglomerate. The lenticle tuff was grouped with the quartzo-feldspathic 
sandstone by Cas et al. (1981) and both were interpreted as high particle 
concentration mass-flow deposits. The lenticle tuff differs, however, from the 
volcanic sandstone lower in the sequence by virtue of significantly lower 
crystal content, paucity of lithic fragments, absence of well defined beds, and 
the abundance of pumiceous clasts in the younger unit.
Samples of lenticle tuff collected during this thesis research from the 
Kowmung River, contain a faint matrix foliation which is reminiscent of 
welding. These samples have low crystal contents, comparable with many 
subaerial ignimbrite units in the Bindook Volcanic Complex. Farther south, in 
the Cobra Creek section, crystal abundance is higher but still low compared 
with the quartzo-feldspathic sandstone facies. These features raise the 
possibility that the lenticle tuff may either be redeposited pyroclastic detritus 
emplaced in much shallower water than the underlying sequence, or be part
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of a subaerial ignimbrite. Differences in the proportions of mafic grains and 
total crystal content between the Cobra Creek and northern exposures of the 
lenticle tuff suggest either input of material from somewhat different source 
areas and/or final emplacement in depositional environments ranging from 
moderate water depths gp to an exposed setting.
7.3.2 Provenance of the Kowmung Volcaniclastics
The range of components in the Kowmung Volcaniclastics indicates 
variable input from volcanic and non-volcanic source areas. Substantial 
volumes of silicic volcanic rocks in the adjacent Bindook Volcanic Complex 
are regarded as the main source of volcanic detritus in the Kowmung 
Volcaniclastics. The following discussion reviews source areas proposed by 
Cas et al. (1981) and other possible source areas for volcanic components 
in the Kowmung Volcaniclastics, based on examination of clasts within 
various lithologies and a better understanding of the distribution of potential 
source rocks within the large exposure of the.Bindook Volcanic Complex.
Palaeocurrent data reported by Cas et al. (1981) from the Kowmung 
Volcaniclastics are too few to be meaningful for provenance studies. These 
sparse data indicate easterly and some westerly transport for the lithic 
sandstone in the mudstone facies association and transport to the west and 
southwest (from one exposure) in quartzo-feldspathic sandstone of the 
volcaniclastic facies association (Cas et al. 1981).
The mudstone facies association contains volcanic quartz and 
feldspar from a presumed silicic portion of the Bindook Volcanic Complex 
and a diverse range of lithic fragments (Cas et al. 1981). The most abundant 
clasts in the lithic sandstone beds are fine-grained intermediate volcanic 
fragments. These fragments lack quartz and consist of small plagioclase and 
replaced mafic phenocrysts which occur in a fine-grained groundmass 
containing abundant acicular feldspar grains. The fragments closely
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resemble the rare intermediate volcanic fragments found within the northern 
part of the Kerrawarra Dacite Member but, more significantly, are also very 
similar to the groundmass component of this dacite. Quartz is a minor 
constituent in many samples of the Kerrawarra Dacite Member (Fig. 6.11), 
occurring as large phenocrysts rather than as smaller groundmass grains. 
Intermediate volcanic fragments in the Kowmung Volcaniclastics may, 
therefore, have been derived from the Kerrawarra Dacite Member, which 
had an unknown extent north and west of the Tarlo River beneath the 
Barrallier Ignimbrite. Alternatively, a slightly more mafic equivalent of the 
Kerrawarra Dacite Member, of unknown location, may have provided lithic 
fragments for both the Kowmung Volcaniclastics and the Kerrawarra Dacite 
Member itself.
The majority of remaining lithic types in the sandstone and 
conglomerate beds in the mudstone facies association were derived from 
older lithologies (Cas et al. 1981). These include fossil fragments and 
limestone, possibly from the nearby Wombeyan Caves area, and fine­
grained quartz sandstone, chert, phyllite and vein quartz from Ordovician 
quartz turbidite sequence.
Divisions recognised in the volcaniclastic facies association display 
marked vertical changes in provenance. Quartzo-feldspathic sandstone 
throughout the Kowmung Volcaniclastics contains abundant volcanic quartz 
and feldspar grains, as well as a large recrystallised silicic glassy matrix 
component. Near the base of the sequence, however, fragments with 
graphic intergrowths of quartz and K-feldspar, derived from a granitic source, 
are also conspicuous. Relatively abundant single K-feldspar and 
microperthite grains are also probably granite-derived fragments. Other less 
abundant lithic fragments include intermediate volcanic rocks, pumice, 
cherty volcanic detritus and fine-grained quartz sandstone. The abundance
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of individual K-feldspar grains and graphic intergrowth fragments slightly 
decrease upward within the sandstone sequence.
The abundance of glassy matrix material, poor sorting and coarse 
grain size of the quartzo-feldspathic sandstone suggest a relatively proximal 
source area for these rpcks. Cas et al. (1981) proposed rhyolitic tuff and 
pebbly sandstone from the Wombeyan volcanics as a likely source for most 
of the components. These authors noted, however, the absence of K- 
feldspar in the Wombeyan volcanics and postulated a second unidentified 
source area for this component. The identification of graphic intergrowths in 
the Kowmung Volcaniclastic sandstone necessitates a granitic source, 
which is also compatible with derivation from the Wombeyan Caves area. A 
small granitic pluton, called the Columba Granite (Scheibner 1970; 
Hansen 1979) intruded part of the rhyolitic tuff and pebbly sandstone 
sequence and is characterised by both graphic intergrowths and single 
K-feldspar grains. Other plutonic sources containing graphic intergrowths 
occur elsewhere in the Marulan Batholith but the Columba Granite remains 
the geographically closest presently exposed potential source area.
Cas et al. (1981) suggested that the silicic breccia overlying the 
sandstone was derived by fragmentation of a silicic lava flow with 
subaqueous redeposition of this debris by mass flows, but did not link the 
breccia with any specific unit in the Bindook Volcanic Complex. The silicic 
breccia may represent an isolated silicic lava flow that was fragmented as it 
erupted or flowed into water but alternatively, on textural and compositional 
grounds, a link with rhyolitic lavas in the Wombeyan volcanics is also 
possible. Furthermore, samples from the Cobra Creek section in the 
Kowmung Volcaniclastics that display pyroclastic textures such as wispy 
pumice fragments, are indistinguishable in terms of texture and proportions 
of phenocrysts and matrix, from samples of rhyolitic tuff in the Tarlo River 
sequence that has been linked with the W ombeyan volcanics
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(Chapter 7.2.2). These observations do not offer definitive evidence about 
the source area of the silicic breccia but input from the eroded rhyolitic tuff 
and lava sequence at Wombeyan Caves is equally plausible with derivation 
from an isolated lava flow, possibly from the same source, that fragmented 
upon entry into water.
Clast type variations in the boulder conglomerate unit indicate input 
from a range of source areas. Parts of the sequence are dominated by clasts 
from older limestone or quartz turbidite sequences, but the southern 
conglomerate occurrences contain mainly volcanic clasts that were probably 
derived from the Bindook Volcanic Complex. The majority of clasts sampled 
from the boulder conglomerate in Cobra Creek are silicic welded ignimbrite, 
containing abundant quartz and plagioclase phenocrysts and fewer 
K-feldspar grains, replaced mafic phenocrysts and small pink pumiceous 
fragments. Ignimbrites containing K-feldspar are scarce in the Bindook 
Volcanic Complex and are found only in the area between the Tarlo River 
and Brayton (Chapter 7.4). The clasts in the boulder conglomerate 
resemble parts of a welded dacitic ignimbrite just south of the Tarlo River 
(Fig. 2.4) which is also characterised by a conspicuous pink pumice 
foliation and K-feldspar phenocrysts. The original northern extent of this 
ignimbrite is unknown but it is considered to be the most likely presently 
exposed source of these clasts. Other clasts within the boulder 
conglomerate in Cobra Creek include fragments of the underlying quartzo- 
feldspathic sandstone and another welded ignimbrite that closely resembles 
the Unit 2 ignimbrite of the Kerilion Tuff Member, also found at least as far 
north as the Tarlo River.
The origin and source area of the lenticle tuff at the top of the 
Kowmung Volcaniclastics remains problematical. The mineralogy of this unit 
differs from the underlying volcanic sandstone in that plagioclase is the 
dominant mineral, quartz is less abundant and K-feldpsar was not identified.
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Mafic minerals such as hornblende and pyroxene, mostly pseudomorphed 
by chlorite, are an important constituent in the lenticle tuff north of Cobra 
Creek but they are inconspicuous in the Cobra Creek section. Cas et al. 
(1981) suggested the dacitic ignimbrite, now mapped as the Barrallier 
Ignimbrite (Chapter 7.5), as the closest mineralogical match for mafic- 
bearing samples of the lenticle tuff. Examination of proportions of 
components in other potential source units in the Bindook Volcanic Complex 
also favours the Barrallier Ignimbrite as the most likely related lithology. 
Clasts of the Barrallier Ignimbrite, a mineralogically distinctive unit, have not 
been found in pre-lenticle tuff units of the Kowmung Volcaniclastics. Given 
the large extent of the Barrallier Ignimbrite, this suggests deposition of the 
lower parts of the Kowmung Volcaniclastics prior to the dacitic eruption. The 
lenticle tuff, however, may represent deposition from part of the Barrallier 
Ignimbrite sheet that flowed into water and was redeposited as thick massive 
units with little evidence of reworking. In this case the underlying boulder 
conglomerate probably records a major erosional phase prior to 
emplacement of the Barrallier Ignimbrite, that is marked in the southern part 
of the Bindook Volcanic Complex by an unconformity surface between this 
ignimbrite and older volcanic lithologies (Chapter 7.5).
In conclusion, the bulk of the Kowmung Volcaniclastic sequence 
predates eruption of the voluminous Barrallier Ignimbrite. On the basis of 
correlation between clasts within the sequence and volcanic units mapped 
within the Bindook Volcanic Complex it is either contemporaneous with, or 
post-dates, emplacement of the Wombeyan volcanics, the upper part of the 
Tangerang Formation and younger ignimbrite units presently exposed south 
of the Tarlo River.
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7.4 THF .1QARAMIN 1GN1MBR1TE
The porphyritic, K-feldpsar-bearing rhyolitic Joaramin Ignimbrite crops 
out continuously over 22 km between Brayton and Jerrara Creek and occurs 
as several smaller remnants between Brayton and the Tarlo River (Fig. 7.1). 
The unit is named after the property of "Joaramin Creek" (G.R. Towrang 
748579) situated between Marulan and Brayton. The Joaramin Ignimbrite 
and other smaller spatially associated ignimbrite units of dacitic composition 
(Table 7.1; Fig. 7.6) overlie the Kerrawarra Dacite Member. The contact 
relationship between the Joaramin Ignimbrite and Barrallier Ignimbrite is not 
exposed, although regionally, the latter was deposited on a marked 
erosional surface and is likely to be the younger unit.
Assuming that the isolated exposures were originally part of a 
continuous ignimbrite sheet, the Joaramin Ignimbrite has a lateral extent of 
at least 40 km. The structureless nature of the unit precludes accurate 
thickness estimates but a minimum thickness of 140 m has been observed.
Densely welded ignimbrite containing large phenocrysts is the 
predominant rock type within the Joaramin Ignimbrite. Subordinate 
reworked lithologies and fine-grained pyroclastic rocks have been 
recognised only within remnants of the sequence in the Big Hill area. The 
stratigraphy, only clearly preserved in the Tarlo River, comprises 4 to 5 m 
of basal volcaniclastic rocks overlain by thick massive K-feldspar-bearing 
welded ignimbrite. The volcaniclastic rocks are mineralogically identical to 
the overlying ignimbrite and comprise 1.5 m of diffusely bedded fine­
grained and crystal-poor material at the top overlain by approximately 3 m 
of well bedded coarser grained volcanic sandstone which is planar bedded 
and in places cross-bedded (Fig. 7.5b). The finer grained material at the 
base resembles ash-fall tuff, possibly remobilised, whereas the overlying 
coarser grained and crystal-rich material is interpreted as locally developed
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sheetwash reworking of the early products of the Joaramin Ignimbrite 
eruption.
The Joaramin Ignimbrite itself contains a variable crystal component 
of plagioclase, quartz, K-feldspar, biotite, minor hornblende and altered 
mafic fragments up to ,7 mm across (Fig. 7.7a to 7.7c; Appendix 7). The 
matrix of the ignimbrite consists of a finely recrystallised aggregate of quartz 
and feldpsar, but welded relict shards are generally preserved in most 
samples. Extreme flattening of shards is particularly evident in the basal few 
metres of the unit (Fig. 7.5c). Pumiceous clasts have not been observed in 
outcrop but the ignimbrite matrix contains lenses of devitrified and 
recrystallised material that probably represents pumiceous fragments (Ross 
and Smith 1961). Accidental lithic fragments are extremely rare in the 
Joaramin Ignimbrite and consist mainly of clasts of the same ignimbrite or of 
the underlying Kerrawarra Dacite Member.
Vent facies for the Joaramin Ignimbrite, such as lava or breccia have 
not been identified. The most likely vent area within the presently exposed 
distribution of the Joaramin Ignimbrite is near Brayton (Figs 2.3 and 7.1) 
where the ignimbrite has disrupted and included large blocks (up to 
1.25 km long, Fig. 2.3) of the underlying Kerrawarra Dacite Member and 
small dacite fragments adjacent to block margins. In the Brayton area, the 
Joaramin Ignimbrite is relatively crystal-poor (Fig. 7 .76) , although similar to 
other areas in terms of component type and grain size. A marked increase in 
crystal abundance occurs both to the north and south of the Brayton area 
and is consistent with crystal concentration through loss of fine ash as the 
ignimbrite moved away from vent (Walker 1972; Sparks and Walker 1977). 
Crystal-rich samples of ignimbrite from the Big Hill area contain 2 to 3% less 
S i0 2  than samples relatively close to the Brayton area, supporting the
proposed crystal enrichment away from source.
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Two modally and texturally distinct dacitic ignimbrite units (Table 7.1) 
are spatially closely associated with the rhyolitic Joaramin Ignimbrite: (i) 
between the Tarlo River and Dead Mans Creek (Fig. 2.4); and (ii) south of 
the Wollondilly River at Brayton (Fig. 2.3).
In the Tarlo River area, a remnant of the Joaramin Ignimbrite is 
underlain by a moderately crystal-rich, welded dacitic ignimbrite consisting 
of abundant plagioclase, scattered small quartz phenocrysts, and accessory 
amounts of K-feldpsar and replaced ferromagnesian grains (Fig. 7.7a 
to 7.7c; Appendix 7). Accidental lithic fragments are inconspicuous, but the 
ignimbrite is characterised by a prominent pinkish pumice clast foliation.
At Brayton a narrow lens of welded dacitic ignimbrite crops out to the 
west of the Joaramin Ignimbrite. The stratigraphic relationship with the 
Joaramin Ignimbrite has not been determined but the dacitic ignimbrite is 
partly truncated by the overlying Barrallier Ignimbrite. The dacitic ignimbrite 
is very crystal-rich (Appendix 7) and contains significantly higher 
proportions of quartz, K-feldspar, pyroxene, hornblende and biotite 
fragments than the Tarlo River occurrence (Fig. 7.7a to 7.7c). Small lithic 
fragments of Kerrawarra Dacite Member and probable Joaramin Ignimbrite 
occur throughout much of this unit.
7.5 THE BARRALLIER IGNIMBRITE
The Barrallier Ignimbrite is an exceptionally voluminous unit of dacitic 
composition (Table 7.1; Fig. 7.6) that constitutes both the youngest and 
largest of the regionally recognised volcanic units in the Bindook Volcanic 
Complex (Fig. 7.1). It is named after the property of "Barrallier" 
(G.R. Barrallier 291038) situated on the Wollondilly River northwest of Bullio 
and in this area is at least 700 m thick.
The Barrallier Ignimbrite overlies older units of the Bindook Volcanic 
Complex with a strongly erosional contact, in places (e.g. Jerrara Creek)
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removing as much as 1 km of the underlying sequence. A substantial period 
of volcanic quiescence and active erosion is, therefore, indicated prior to 
emplacement of the Barrallier Ignimbrite. The internal structure of the unit is 
generally poorly understood but much of the sequence is flat lying or only 
gently dipping. Steeply .dipping pumice lenticle foliation observed in some 
exposures, however, may reflect at least localised rheomorphic movement of 
the Barrallier Ignimbrite after emplacement. Deformation of the large 
thickness of Barrallier Ignimbrite has occurred by brittle fracturing which has 
produced a series of major joints trending 030°, 135° and 090° 
(Simpson 1986).
The Barrallier Ignimbrite is exposed continuously between 
Yerranderie and the Big Hill area, a distance of approximately 60 km, and 
occurs as erosional remnants as far south as Bungonia, a further 34 km. An 
isolated remnant of the ignimbrite has been found in the Goulburn area, 
12 km west of the main mass of the Bindook Volcanic Complex (Fig. 7.1) 
but the northern limit is covered by the Permo-Triassic Sydney Basin. The 
present distribution of exposures indicates an originally very extensive, 
densely welded ignimbrite sheet, covering a minimum area of 2000 km2. 
Original non-welded equivalents and related ash-fall tuffs that have been 
subsequently removed by erosion, in addition to the area of Barrallier 
Ignimbrite covered by younger rocks, would increase this area substantially.
The large mass of the Barrallier Ignimbrite north of the Tarlo River is 
flat lying to gently dipping. It is exposed over a thickness of between 500 
and 700 m in deeply dissected portions of the Bindook Volcanic Complex. 
In the area south of Marulan the Barrallier Ignimbrite dips consistently to the 
west and a thickness up to 1 km has been calculated. A minimum average 
thickness in excess of 500 m is, therefore, a reasonable assumption for the 
present distribution of the Barrallier Ignimbrite, indicating a volume in the 
order of 1000 km3. Removal of parts of the sequence by erosion, cover by
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younger rocks and the probability that large portions of the ignimbrite are 
thicker than 500 m, suggests that this calculated volume represents a 
minimum estimate. Regardless of the inability to accurately estimate the 
original volume and extent of the Barrallier Ignimbrite, it is comparable in 
size with some of the largest known ignimbrite sheets, such as those in the 
San Juan Volcanic Field (Lipman 1984, 1989) and elsewhere in younger 
sequences (Cas and Wright 1987).
7.5.1 Character of the Barrallier Ignimbrite
The Barrallier Ignimbrite is extremely uniform in outcrop appearance 
over its entire distribution. It is typically a bluish-grey welded ignimbrite that 
consists of multiple flow units. Basal ignimbrite facies such as ground layers 
or layer 2a (Sparks et al. 1973) have not been detected, although a darker, 
very densely welded variant that resembles a vitrophyre has been found 
near the base of parts of the Barrallier Ignimbrite south of Marulan. Stacked 
ignimbrite flow units have been recognised only in vertical cliff sections 
where individual flows, up to at least 30 m thick, form a series of terraces. 
Intervening ash-fall tuffs or reworked lithologies have not been found within 
the Barrallier Ignimbrite, indicating rapid and continuous outpouring of large 
volumes of dacitic magma. Lithic breccia and lava that may indicate vent 
position (Walker 1985) are also absent.
The internal structure of the Barrallier Ignimbrite is generally poorly 
known and its interpretation depends upon recognition of columnar jointing 
and a relatively rare but conspicuous foliation defined by elongate relict 
pumice clasts which approximate primary bedding. The discoidal pumice 
clasts, which are up to 40 cm long, are usually only visible on smooth 
weathered surfaces (Fig. 7.5d) whereas in fresh or altered outcrops they 
generally blend into the matrix material.
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The Barrallier Ignimbrite is generally crystal-rich, containing crystal 
fragments of plagioclase, quartz, hornblende, hypersthene, minor augite, 
biotite, replaced ferromagnesian minerals and Fe-Ti oxides (Figs 7.5e, 7.7a 
to 7.7c). Modal crystal contents range from 34 to 58% of the rock but 80% of 
samples examined contain more than 40% crystal material (Appendix 7). 
Glomeroporphyritic aggregates, consisting of plagioclase, pyroxene and 
hornblende (Fig. 7.5f) are scattered throughout the Barrallier Ignimbrite. 
Similar fragments in the Dundee Rhyodacite, another extensive crystal-rich 
ignimbrite in New England, Australia, were interpreted as either residual 
aggregates left after partial melting or crystal cumulates (Flood et al. 1977).
Accidental lithic fragments are very rare in the Barrallier Ignimbrite 
and mainly consist of small (<10cm) fragments of fine-grained ash-sized 
pyroclastic material, quartzite and granite (Simpson 1986). In most samples 
the ignimbrite matrix is a recrystallised mosaic of microcrystalline quartz and 
feldspar grains. In some samples, particularly those from the base of the 
ignimbrite, clear densely welded relict shards are retained in the devitrified 
matrix (Fig. 7.5g).
Facies variations within the Barrallier Ignimbrite are slight and 
generally related to crystal content. Variants have been mapped only in the 
northeastern part of the ignimbrite around Bullio by Hutton (1981) and 
Simpson (1986). In this area a slightly darker, coarser grained, more crystal- 
rich rock has been mapped over a length of approximately 5 km adjacent to 
the eastern margin of the Bindook Volcanic Complex. This rock is chemically 
and mineralogically indistinguishable from the remainder of the ignimbrite, 
except for the common replacement of original hypersthene grains by 
tremolite/actinolite (Simpson 1986).
Systematic changes in crystal versus matrix abundance that may be 
related to distance from source, have not been recognised along the outcrop 
length of the Barrallier Ignimbrite, in part hampered by the lack of any marker
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horizon within the sequence. Crystal abundance is consistently highest in 
samples south of Marulan but elsewhere no consistent trend has emerged. 
The absence of a systematic trend in crystal abundance suggests that the 
crystal-rich character of the Barrallier Ignimbrite is inherited from the original 
magma (Cas 1983b), rather than resulting from eruption- and transportation- 
related enrichment processes (Sparks and Walker 1977). This is supported 
by the crystal-rich character of relict pumice clasts within the ignimbrite, 
which can be taken as an approximation of the crystal content of the original 
magma (Sparks et al. 1985).
7.5.2 Eruption of the Barrallier Ignimbrite
Discussion of the emplacement of very voluminous ignimbrite sheets 
is hampered by both the absence of visual accounts of their eruption and by 
the absence of facies commonly observed as the products associated with 
normal ignimbrite-forming eruptions. The Barrallier Ignimbrite and other very 
large volume ignimbrite sheets are typically porphyritic, crystal-rich, 
texturally and compositionally homogeneous units that are usually densely 
welded and lithic-poor (e.g., the Fish Canyon Tuff (Lipman 1989), the Toba 
Tuffs (Aldiss and Ghazali 1984; Knight et al. 1986), the Cerro Galan 
Ignimbrite (Francis et al. 1983; Sparks et al. 1985) and the Dundee 
Rhyodacite (McPhie 1986, 1988)). Lack of some or all associated facies, 
such as preceding plinian deposits, layer 2a and lithic breccias, from these 
large volume deposits indicates a departure from the model of ignimbrite 
formation from the collapse of a high eruption column (Sparks and Wilson 
1976; Sparks et al. 1978). Instead, a model favouring continuous rapid 
eruption of large volumes of magma from wide vents, producing low eruption 
columns is more appropriate for many voluminous ignimbrite units such as 
the Barrallier Ignimbrite. In this manner, successive thick flow units of very 
hot poorly fluidised and high yield strength material (type 1 of Wilson 1980)
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may be emplaced rapidly to form a thick mass of densely welded ignimbrite 
that on cooling and devitrification forms a vast homogeneous sheet in which 
boundaries between flow units become obscured and which lacks 
intercalated ash-fall tuff or reworked facies. Eruption of large ignimbrite 
sheets from ring fissure yents, as envisaged by Lipman (1984) and Cas and 
Wright (1987), is consistent with many of their outcrop characteristics, but a 
ring fissure is not clearly preserved in the Barrallier Ignimbrite (see below). 
In ring fissure ignimbrite eruptions catastrophic subsidence of a central block 
into the magma chamber in the early part of the eruption forms a ring fissure 
and prevents sustainment of a convecting eruption column. Precursor 
plinian deposits are, therefore, not formed in such a situation, but 
subsidence of the central block will allow the magma to discharge at a very 
rapid rate. Ignimbrite sheets lacking associated plinian deposits, such as the 
Cerro Galan Ignimbrite (Sparks et al. 1985) and the Toba Tuffs (Knight et 
al. 1986), probably represent catastrophic eruption involving essentially 
"instantaneous" vent widening and development of pyroclastic flows.
Sparks et al. (1985) suggested that lithic fragments are scarce in 
voluminous ignimbrite sheets (e.g., Cerro Galan Ignimbrite) because ring 
fractures dip outwards and subsidence of the central block can occur without 
significant vent erosion. In addition, poorly fluidised pyroclastic flows are 
less likely to erode and incorporate basement lithic fragments during 
transport than strongly fluidised and expanded flows (Wilson 1980).
Source vent locations in areas of voluminous ignimbrites are 
commonly obscured by the absence of diagnostic vent structures or facies, 
which may have been either destroyed during caldera collapse or covered 
by younger volcanic deposits (Lipman 1984). In some instances 
identification of intracaldera ignimbrite in excess of 1 km thick (cf. Fish 
Canyon Tuff; Self and Wright 1983) as opposed to outflow sheets 
approximately an order of magnitude thinner, can constrain the location of
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source areas. This may be locally complicated by outflow sheets filling older, 
unrelated caldera structures (cf. Fish Canyon Tuff filling the unrelated Mount 
Hope caldera in the San Juan Volcanic Field). In the case of the Barrallier 
Ignimbrite texturally and compositionally distinct intracaldera and outflow 
ignimbrite facies have not been detected within the present exposures.
The uniformity in outcrop appearance, mineralogy and chemistry of 
the Barrallier Ignimbrite supports its eruption from a single source area, 
rather than a coalesced ignimbrite sheet from multiple unrelated, but 
compositionally similar, sources (cf. the Dundee Rhyodacite, McPhie 1988; 
Shaw et al. 1988). Deposits of the volume of the Barrallier Ignimbrite should 
be associated with a caldera analogous in size with those associated with 
voluminous younger ignimbrites such as the Cerro Galan caldera in 
Argentina (35 by 20 km; Sparks et al. 1985) or the La Garita caldera, the 
source of the Fish Canyon Tuff (approximately 50 by 30 km; Lipman 1989).
A clearly defined source area is not known for the Barrallier Ignimbrite 
but the arcuate form of the margin of the Bindook Volcanic Complex north of 
Wombeyan Caves is a fault which may be part of a caldera margin 
associated with the eruption of this ignimbrite (Fig. 7.1). By analogy with the 
size of younger, better preserved calderas of comparably voluminous 
ignimbrite sheets, the caldera giving rise to the Barrallier Ignimbrite may 





PALAEOGEOGRAPHY OF THE BINDOOK VOLCANIC COMPLEX 
AND ITS ROLE IN THE DEVELOPMENT OF THE WOLLONDILLY
BASIN
8.1 INTRODUCTION
The preceding chapters in this thesis document a wide range of 
volcanic lithologies within the Early Devonian Bindook Volcanic Complex 
with the overall aim of reconstructing the major events that occurred in the 
development of th is extensive suite of rocks. Palaeogeographic 
reconstruction of ancient volcanic successions commonly benefits from 
identification of a modern analogue for which volcanic and associated 
sedimentary processes are documented. Comparisene with a single modern 
environment are not possible for a sequence such as the Bindook Volcanic 
Complex, which documents a transition from shallow marine to subaerial 
environments, in conjunction with the initiation and escalation of widespread 
volcanic activity, probably over a period of several million years. In view of 
this, comparisons with both modern analogues and well documented 
ancient successions have been made in the interpretation of individual parts 
of the sequence in Chapters 3 to 7, rather than for the sequence as a 
whole. For example, the development of the shallow marine quartzose and 
volcanogenic sequences in the Tangerang Formation is comparable with 
modern environments where pyroclastic flows are known to have entered 
the sea in the Lesser Antilles and New Zealand, as well as ancient 
successions in the Ordovician Welsh Basin. In contrast, large-scale silicic 
volcanic provinces such as the San Juan Volcanic Field, Trans Pecos, 
Yellowstone and the Taupo Volcanic Zone, in addition to numerous 
individual calderas, are more appropriate younger analogues for the lava
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flows and extensive ignimbrites that dominate the upper part of the Bindook 
Volcanic Complex.
Cas and Jones (1979) proposed the Havre Trough and Central 
Volcanic Region in New Zealand as modern analogues for the Siluro- 
Devonian Hill End Trough and the volcano-sedimentary provinces, including 
the Bindook Volcanic Complex to the south. The Central Volcanic Region is 
a valid analogue for the northern part of the Bindook Volcanic Complex, 
which includes the large subaerial ignimbrite sheets and subaqueous 
volcaniclastic units such as the Kowmung Volcaniclastics and Merrions Tuff 
derived from it, that extend as far north as the Hill End Trough (Cas and 
Jones 1979; Cas 1983b). This analogue, however, is not appropriate for 
the older shallow marine parts of the succession (Tangerang Formation).
This chapter discusses the palaeogeography of the Bindook Volcanic 
Complex, particularly emphasising changes in depositional environment, 
basin configuration and volcanic processes that occurred during deposition 
of the mainly volcanogenic Tangerang Formation. This discussion is 
prefaced by a description of the tectonic setting and early sedimentary rocks 
of the Wollondilly Basin.
ft 9 TFCTONIC SETTING OF THE WOLLONDILLY BASIN
The Wollondilly Basin is one of several basins that developed during 
the Silurian to Middle Devonian in the eastern part of the Lachlan Fold Belt 
(Powell 1984). The tectonic setting for these basins is still unresolved, in 
part, due to the absence of a suitable modern analogue (Cas 1983a).
Recent tectonic models (Cas 1983a; Powell 1984; Scheibner 1987) 
have proposed that by the end of the Ordovician, southeastern Australia 
consisted of an extensive, deep marine basin (marginal sea), flanked to the 
west by the continental margin of the Gondwana landmass and to the east 
by a volcanic arc, and farther east again by a forearc basin-subduction zone.
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Other recent work (Fergusson and Vandenberg 1990) disagrees with this 
palaeogeographic reconstruction and suggests that various elements of the 
eastern Lachlan Fold Belt developed during this time as separate 
tectonostratigraphic terranes, which were not amalgamated until the Early 
Silurian.
Interpretation of the eastern Lachlan Fold Belt palaeogeography 
during the Middle Silurian to Middle Devonian is also controversial. During 
this time the area was dominated by widespread magmatism and associated 
sedimentation within a series of elongate basins and on adjacent highs 
(Cas 1983a). Powell (1984) proposed that following earliest Silurian 
deformation a transform margin developed between Gondwana and the 
palaeo-Pacific plate to the east. Dextral transtensional movement along a 
regional transcurrent fault located along this boundary was favoured by 
Powell (1984) as the mechanism for opening a series of grabens or basins 
in the eastern Lachlan Fold Belt during the mid-Silurian.
An analogy was drawn between the Siluro-Devonian configuration in 
southeastern Australia and the modern Basin and Range Province in the 
western United States of America (Cas 1983a; Powell 1984). In both areas, 
basins are developed on thinned continental crust (Powell 1984) but this 
analogy has several problems, including differences in scale, composition 
and depositional environment of the basin-fill rocks. The Basin and Range 
Province is much larger than the Siluro-Devonian magmatic area in 
Australia. Sediments deposited in the Basin and Range grabens are entirely 
continental whereas most of the Australian Siluro-Devonian basins are filled 
with deep to shallow marine sediments, in some exceeding 5 km in 
thickness (Powell 1984). Volcanism in the Basin and Range Province is 
typically bimodal, and ranges from calc-alkaline, intermediate and silicic 
compositions to high silica rhyolite and alkaline basalt (Eaton 1982). In
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contrast, Siluro-Devonian volcanic rocks in southeastern Australia are 
dominantly calc-alkaline and generally silicic in composition.
Fergusson et al. (1986) and Fergusson and Vandenberg (1990) 
relate the Siluro-Devonian formation of extensional basins and magmatism 
in southeastern Australia to the presence of a west-dipping subduction zone 
east of the presently exposed region. In this model, the eastern Lachlan Fold 
Belt, including the Bindook Volcanic Complex, occupies the arc and frontal 
arc area. The large width of the magmatic zone (up to 400 km) may be 
attributable to a shallow dip of the subducting slab in this area (Fergusson et 
al. 1986). The Wollondilly Basin and other elongate Siluro-Devonian basins 
in this model are intra-arc basins developed by localised extension related 
to the west-dipping subduction zone.
An intra-arc setting for the Siluro-Devonian basins in the Lachlan Fold 
Belt suggests that the tectonic regime in the western part of North America, 
prior to the onset of transform-related basin and range faulting, may be a 
more appropriate analogue. Eaton (1982, 1984) proposed that Chilean- 
style convergence along the western margin of North America, with its 
associated continental arc volcanism over a large region, was replaced in 
the Oligocene by an extensional regime related to Marianas-style 
subduction. Extension occurred initially in an intra-arc setting, across an 
exceptionally wide volcanic arc (Eaton 1984). This event was associated 
with extensive calc-alkaline, intermediate to silicic volcanism in volcanic 
fields extending as far east as Texas (Baldridge et al. 1989). Narrowing of 
the volcanic arc between 22 and 18 Ma resulted in the formation of a well 
defined andesitic arc on the western margin of the Great Basin 
(Eaton 1984). Bimodal volcanism occurred at this time in an extensional 
back-arc setting east of the arc. Block faulting, associated with extension 
related to transcurrent movement on the San Andreas transform, dates from
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approximately 17 Ma and has produced the horst and graben topography of 
the modern Basin and Range Province (Eaton 1984).
If an intra-arc setting is applicable to the Lachlan Fold Belt, then the 
Bindook Volcanic Complex and volcanic rocks to the south in the area 
defined as the Ngunawal Basin (Bain et al. 1987) are the eastern-most 
preserved volcanic rocks within an arc that may have extended several 
hundred kilometres to the west.
Many of the basins developed in the mid-Silurian in the southeastern 
Lachlan Fold Belt have been interpreted as being fault-bounded (cf. grabens 
in Powell 1984). Evidence for this interpretation is generally sparse, 
particularly in the case of the Wollondilly Basin. The present structural 
configuration for these basins, in which Siluro-Devonian basin-fill rocks 
occupy a synclinorial position bounded by Ordovician anticlinoria, may not 
reflect the original basin margins (Powell 1984). For example, facies 
relationships in the Tangerang Formation and underlying Bungonia 
Limestone suggest that the original eastern margin of the Wollondilly Basin 
may have been several kilometres east of the present boundary between the 
Siluro-Devonian and Ordovician sequences.
Evidence proposed for the existence of active boundary faults in the 
Wollondilly Basin during the Late Silurian to Early Devonian is restricted to 
the identification of subaqueous mass-flow deposits, inferred to have 
initiated along the fault scarp on the western margin of the basin (J.G. Jones 
et al. unpublished manuscript; Powell 1984). In an active volcanic 
environment, however, mass flows may be triggered by other processes 
including earthquake activity, localised steep slopes and gravitational 
slumping of unstable, rapidly deposited material. Localised thick 
accumulations of breccias that may be derived from a fault scarp, have been 
identified in only one area on the western side of the Wollondilly Basin 
(Tarlo River; Chapter 7.2.2). The most convincing evidence suggesting that
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the Wollondilly Basin was fault-bounded on its western side during the 
Siluro-Devonian is the occurrence of a relatively narrow belt of deeper water 
Late Silurian rocks close to the western margin (Chapter 8.3) that may 
indicate a half-graben structural configuration. In the absence of more 
convincing evidence, fhe Wollondilly Basin is regarded as simply a 
depositional basin during the Silurian to Middle Devonian in this 
palaeogeographical reconstruction. ‘
8.3 EARLY FILL OF THE WOLLONDILLY BASIN
The distribution of Late Silurian rocks in the Wollondilly Basin is 
indicated on the facies map in Figure 8.1. The Late Silurian fill in the 
eastern part of the Wollondilly Basin is entirely shallow marine, in contrast 
with the lesser known deposits in the western part of the basin, which 
include facies deposited in water ranging from shallow to relatively deep.
The earliest well documented fill of the Wollondilly Basin is the Late 
Silurian Bungonia Limestone, which is preserved over 16.5 km along the 
eastern margin, south of Marulan (Fig. 8.1). The Bungonia Limestone ranges 
in age from Ludlovian to Pridolian (Carr et al. 1980; Mawson 1986) and was 
originally defined as three limestone units interbedded with two shale units 
(Carr et al. 1980). Recent mapping (Fergusson and Vandenberg 1990) has 
identified sequence repetition by thrust faulting, and the occurrence of 
numerous thin, discontinuous shale and limestone horizons, thereby 
invalidating the original simple stratigraphy.
The Bungonia Limestone has been interpreted as a shallow marine 
accumulation of biostromal limestone and shale deposited in lagoonal to 
biostromal shoal environments (Carr et al. 1980). The limestone horizons 
display rapid vertical and lateral facies changes from relatively high energy 
biosparudite to lower energy micrite. Interbedded shale contains a shallow 
marine fauna including brachiopods, trilobites and graptolites (Carr et al.
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1980). Quartz sandstone is a minor component of the Bungonia Limestone, 
increasing in abundance southwards. Sandstone occurs mainly as thin 
discontinuous lenses in shale and within a single thick occurrence of graded 
beds which have been interpreted as shallow marine turbidite deposits (Carr 
et al. 1980).
Late Silurian strata that are probably equivalent to the Bungonia 
Limestone have also been identified elsewhere on the eastern side of the 
W ollondilly Basin beneath the Sydney Basin cover sequence. Small 
isolated limestone outcrops north of Marulan (Fig. 8.1) are interpreted as 
remnants of a presumed once continuous limestone and shale belt. These 
rocks are best exposed in the Tugalong area, where Hutton (1981) defined 
the Silurian Karalinga Formation which consists of the Tugalong Limestone 
Member and an overlying interbedded quartzarenite and shale sequence. 
The Tugalong Limestone Member is a sequence of interbedded thin layers 
of limestone and shale approximately 200 m thick (Hutton 1981). On the 
basis of a Silurian age and the proposed shallow marine depositional 
environment, Knight (1987) correlated the Tugalong Limestone Member with 
the Bungonia Limestone and isolated limestone occurrences east of 
Bray ton.
The upper clastic component of the Karalinga Formation, defined as 
the Attunga Sandstone Member by Knight (1987), consists of fine- to coarse­
grained laminated to massive quartzarenite and interbedded fine-grained 
quartzarenite and shale (Hutton 1981; Knight 1987). A shallow marine 
depositional environment is indicated for the sequence by small-scale cross­
bedding, ripples, minor slump folds, rip-up clasts and a restricted occurrence 
of storm redeposited beds (Knight 1987).
The stratigraphic position of the Attunga Sandstone Member, above 
shallow marine carbonate, and similarities in lithologies and depositional 
environment suggest that it may be a facies equivalent of quartz sandstone
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in the basal part of the Tangerang Formation. A narrow interval of quartz 
sandstone occurs between the Bungonia Limestone and the basal 
tuffaceous sandstone in the area north of Carne and as a more extensive 
sequence overlying the Windellama Limestone Member in the southern part 
of the Tangerang Formation. Fossils, however, have not been found in the 
Attunga Sandstone Member and the Late Silurian age proposed by Knight 
(1987) is presumed rather than demonstrated.
Late Silurian rocks, informally named the Wollondilly beds (O'Reilly 
1972), occur along much of the western boundary of the Tangerang 
Formation between Brayton and Windellama (Fig. 8.1). The Wollondilly beds 
consist mainly of quartz turbidite deposits and minor discontinuous lenses of 
limestone (Creaser 1973; MacRae 1978; Jones et al. 1986). The 
depositional environment of these rocks can, on presently available data, be 
constrained as marine but with little indication of water depth. The limestone 
pods, some of which contain Late Silurian fossils (Mawson 1975), have 
yielded no definitive evidence to distinguish them as shallow water in situ 
deposits or as allochthonous blocks emplaced in a deeper marine setting. 
Similarly, the turbidite sequence is poorly documented and may have been 
emplaced in either relatively shallow or deep water. In the Brayton area, 
however, the base of the Wollondilly beds is marked by a thin conglomerate 
(O'Reilly 1972), overlain by thick massive calcareous siltstone containing 
abundant brachiopods (MacRae 1978), both facies favouring relatively 
shallow water depths. Cross-beds from graded siltstone intervals in the 
Wollondilly beds at Brayton, indicate transport from the southwest (MacRae 
1978).
The proximal quartzose turbidite facies at the base of the Tangerang 
Formation in the Windellama area has also been suggested as a facies 
equivalent of the clastic component of the Late Silurian Bungonia Limestone 
or the Wollondilly beds (Chapter 3.2.1; Fig. 8.1). Background turbidite
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deposition in shallow to moderate water depths was interrupted periodically 
by the influx of coarse-grained mass flows. Limestone clasts have not been 
identified in these rocks, nor reported from other Late Silurian turbidite 
occurrences, suggesting that slumped clastic material in the western part of 
the basin was derived from erosion of Ordovician sequences on the western 
margin.
Late Silurian rocks also occur to the west of the Wollondilly beds in 
the western part of the Wollondilly Basin (Fig. 8.1). Most of the area adjacent 
to the western margin, which is marked by the Taralga Fault, is covered by 
extensive Late Devonian sedimentary rocks between the Yerranderie area 
and Tarago. Late Silurian rocks exposed east of this Late Devonian belt 
include the quartz turbidite facies of the Towrang Beds near Goulburn, and 
turbidite, mudstone and limestone pods of the Taralga Group farther north 
(Fig. 8.1). Both of these sequences were mainly deposited in relatively deep 
water (Pickett 1982; Cas et al. 1981). Limestone pods, up to 400 m long, in 
the Taralga Group are brecciated near the margins and have been 
interpreted as allochthonous slide blocks enclosed in relatively deep marine 
mudstone (Cas et al. 1981).
Eastwards of these deeper water rocks the Wombeyan Limestone 
occurs as a 4 km long inlier within the Bindook Volcanic Complex (Fig. 8.1). 
The eastern margin of this inlier is fault bounded but the western margin is 
an erosional surface (Hansen 1979). Limestone is overlain by quartz 
sandstone at several locations along the western margin of the inlier and is 
overlain in turn by volcanic rocks. The size of the limestone inlier, in addition 
to the consistency of bedding in the limestone with that in overlying rocks 
and the absence of marginal breccias, suggest that the Wombeyan 
Limestone is an in situ deposit rather than a large slide block.
In summary, the Wollondilly Basin prior to emplacement of the 
Bindook Volcanic Complex was dominated by limestone and shale facies on
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the eastern side, deposited in quiet shallow marine conditions, from the 
Ludlovian and continuing through the Pridolian (Fig. 8.1). Localised quartz 
sand influxes occurred along the eastern margin of the Wollondilly Basin, 
but were more widespread in the western part of the basin, producing thick 
turbidite deposits. The poorly known Late Silurian rocks in the western part 
of the Wollondilly Basin indicate development of deeper water facies 
interspersed with more localised shallow marine facies. The increased 
prevalence of deeper water facies towards the western margin favours the 
existence of an asymmetrical basin with a broad, fairly shallow shelf on the 
eastern side and a steep, possibly fault-bounded, western margin.
The relatively quiet clastic marine deposition documented above was 
terminated during the Lochkovian, at least in the eastern part of the 
Wollondilly Basin, by the influx of large volumes of volcanic debris.
At the end of the Late Silurian and into the Early Devonian the 
Wollondilly Basin is envisaged as an entirely marine basin open to the south 
of Windellama and possibly to the north of Yerranderie. In the Araluen area, 
70 km south of the southern termination of the Bindook Volcanic Complex, a 
shallow marine sequence of quartzarenite, siltstone, shale and limestone of 
Late Silurian age suggests a similar depositional environment to that in the 
southeastern Wollondilly Basin. This linear belt of rocks, mapped as the De 
Drack Formation (Wyborn and Owen 1986) occurs on the eastern margin of 
the Ngunawal Basin and lies along the same trend as the eastern margin of 
the Wollondilly Basin.
8.4 INITIATION OF VOLCANISM IN THE SOUTHEASTERN WOLLONDILLY 
BASIN
The earliest input of volcanic detritus into the Wollondilly Basin is 
restricted to the base of the Tangerang Formation in the area between 
Marulan South and Reevesdale (Fig. 8.2), that is, the southeast portion of
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the basin. In the area south of Reevesdale, shallow marine accumulation of 
limestone, shale and minor quartz sandstone continued uninterrupted by 
volcanic activity. The extent of volcanic input in the area north of Marulan is 
unknown due to cover by younger rocks. If, however, the Attunga Sandstone 
Member at Tugalong is a correlative of the shallow marine quartz sandstone 
found near the base the Tangerang Formation south of Marulan, it is likely 
that the northeastern part of the Wollondilly Basin was also unaffected by 
volcanic activity at this time.
The restricted occurrence of the earliest tuffaceous rocks in the 
Tangerang Formation suggests that the initial explosive volcanoes providing 
volcaniclastic debris were located an unknown distance east of the area 
between Marulan South and Reevesdale (Fig. 8.2). The tuffaceous 
sandstone in the lowest part of the Tangerang Formation between Marulan 
South and Reevesdale are composed of reworked crystals and lithic 
fragments almost entirely of volcanic origin. The large component of crystals 
in these rocks (>75 modal percent in most samples) together with the 
proximity of these deposits to the original basin margin and their restricted 
extent, are consistent with transport of volcanic debris into the marine 
environment by one or more confined river systems rather than direct input 
by primary pyroclastic processes (Fig. 8.2).
The contact between the Bungonia Limestone and the tuffaceous 
base of the Tangerang Formation is not exposed, but the presence of one or 
more thick, virtually non-fossiliferous, tuffaceous mass-flow beds in the 
Marulan South to Reevesdale area, suggests rapid swamping of the 
carbonate shelf environment. Mass flows of volcanic material were probably 
emplaced in slightly deeper water than existed during carbonate 
accumulation. Slight subsidence of the basin at this time may have been a 
response to uplift associated with commencement of volcanism on the 
eastern margin. The occurrence of rare intervals of medium-scale cross­
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bedding within the generally massive basal tuffaceous sandstone, however, 
favours maintenance of relatively shallow water depths by approximately 
equal amounts of deposition and subsidence.
South of Reevesdale, quiet shallow marine deposition of limestone 
and clastic material persisted until the emplacement of the Devils Pulpit 
Member (Fig. 8.2). The Windellama Limestone Member at the base of the 
southern part of the Tangerang Formation, ranges in age from latest 
Pridolian to dominantly Lochkovian (Mawson 1975, 1986), indicating a 
possible slight age overlap with the Bungonia Limestone. The depositional 
environment for the Windellama Limestone Member is similar to that for the 
Bungonia Limestone, involving deposition of shelf limestone in water up to 
50 m deep under variable, but generally low energy conditions (Jones et al. 
1984). The Windellama Limestone Member is underlain by a thin sequence 
of quartzose graded sandstone beds containing a shelly fauna (Mawson 
1975). These are interpreted as a restricted shelf turbidite facies that may be 
an equivalent of the somewhat deeper water proximal turbidite deposits in 
the southwestern part of the Tangerang Formation. The Windellama 
Limestone Member passes northwards and basinwards into a shallow 
marine clastic sequence of fine-grained quartz sandstone, fossiliferous 
siltstone and discontinuous limestone pods, becoming sandier northwards 
and up sequence. The increasing influxes of quartz sands may reflect uplift 
of Ordovician quartzose strata on the basin margin associated with the onset 
of volcanism and/or tectonism. Within the quartz sandstone association, the 
Brooklyn Conglomerate Member is a localised fan delta deposit (Jones 
et al. 1984) at the base of the Tangerang Formation which marks the 
position of the shoreline at this time (Fig. 8.2). The conglomerate contains 
large angular to rounded clasts of quartz sandstone and shale derived from 
Ordovician turbidite deposits exposed on the eastern margin of the 
Wollondilly Basin and transported relatively short distances into the basin in
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a high energy river system. The Brooklyn Conglomerate Member passes up 
from conglomerate into graded shelf turbidite beds, indicating gradual 
deepening of the basin. Continued slightly deeper conditions persisted 
during deposition of the overlying discontinuous horizon of limestone in 
quiet water up to 50 m deep (Jones et al. 1984,1986). Slight shallowing of 
the southeastern part of the basin prior to emplacement of the Devils Pulpit 
Member is suggested by the up-sequence transition from siltstone and 
limestone deposition into higher energy, cross-bedded quartz sandstone 
which underlies the volcaniclastic rocks.
8.5 EMPLACEMENT OF THE DEVILS PULPIT MEMBER
The Devils Pulpit Member, consisting of approximately 200 m of 
shallow marine volcaniclastic rocks, is the earliest marker horizon in the 
southeastern part of the Wollondilly Basin (south of Marulan; Fig 8.3) and 
reflects an escalation of voluminous explosive volcanism in this area. 
Individual mass flow units (up to 50 m thick) defined in the northern part of 
the Devils Pulpit Member outcrop may be viewed as the products of large- 
scale subaerial silicic eruptions.
The Devils Pulpit Member consists almost entirely of juvenile volcanic 
debris, including angular fragmented crystals, pumiceous vitriclasts, volcanic 
lithic fragments, unabraded relict shards and a variable component of 
recrystallised ash. The morphology of these components, described in 
Chapter 4.2.1, indicates that the detritus was freshly erupted rather than 
derived from reworking of a substantially older volcanic sequence, and that it 
underwent little abrasion during transport into the depositional basin. These 
features are consistent with derivation of a large portion of the Devils Pulpit 
Member from large volume subaerial pyroclastic flows erupted on the 
eastern margin of the Wollondilly Basin that transformed into debris flows on 
entry into the marine environment. In view of the large distances pyroclastic
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flows are able to transport detritus, the source volcanoes may have been 
located up to tens of kilometres from the shoreline.
In some instances, pyroclastic flows are inferred to have entered the 
water without explosive disruption or subsequent loss of fine vitric material, 
resulting in deposition <?f volcanic breccias retaining a large proportion of 
fine-grained ash, relict shards and pumice clasts (Units 2 and 4). Apart 
from the inclusion of sparse shallow marine fossils throughout these 
breccias which indicates ingestion of water and sediment, the resultant 
deposits are indistinguishable from non-welded ignimbrite emplaced on 
land.
The Devils Pulpit Member also contains several thick beds of coarse­
grained massive to graded crystal-rich volcanic sandstone, interpreted as 
high particle concentration mass-flow deposits. These beds are 
characterised by crystal enrichment, variable sorting and incorporation of 
previously reworked tuffaceous and quartzose detritus into the juvenile 
pyroclastic component (Units 1 and 3). Crystal enrichment reflects loss of 
part of the ashy matrix during fluvial or subaqueous transport or as a result of 
secondary explosions as pyroclastic flows entered the water. Volcanic 
breccia and crystal-rich graded volcanic sandstone beds are in some 
instances capped with up to 10 m of massive fine-grained vitric-rich 
material, representing rapid settling of residual fines or input by slumping of 
large volumes of fine-grained deltaic sediment.
In view of the large thickness and lateral uniformity of some beds 
within the Devils Pulpit Member, the sequence is regarded as a remnant of 
an originally very extensive deposit now preserved only in a nearshore 
setting in the southeastern part of the Wollondilly Basin. Deeper marine 
correlatives have not been recognised elsewhere in the Bindook Volcanic 
Complex, although they are likely to resemble volcaniclastic sandstone 
facies rocks in the Kowmung Volcaniclastics (Cas et al. 1981) and
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progressively grade into low particle concentration turbidite deposits such as 
those in the Devonian fill of the Hill End Trough (cf. Cas 1979). The on-land 
equivalents of the Devils Pulpit Member, between the shoreline and the 
source area, are not exposed but are likely to consist of subaerial pyroclastic 
flow and fall deposits, possibly lahars and fluvially reworked deposits of 
juvenile material mixed with a minor component from older sedimentary 
lithologies exposed in the source area (Fig. 8.3).
Water depths along the southeast margin of the Wollondilly Basin 
probably remained relatively shallow during emplacement of the Devils 
Pulpit Member, but deep enough to prevent reworking of the detritus by 
current activity. Subsidence in the order of 200 m may have occurred prior 
to, or during, early Devils Pulpit Member emplacement in response to 
invigorated volcanic activity and possible uplift in the source area. 
A lternatively, subsidence may have kept pace with sedimentation 
throughout emplacement of the Devils Pulpit Member. The occurrence of 
widespread cross-bedded shelf sandstone overlying the Devils Pulpit 
Member, however, indicates that the volcaniclastic detritus filled the eastern 
part of the basin to relatively shallow water depths.
Emplacement of many of the thick mass-flow deposits that constitute 
the bulk of the Devils Pulpit Member probably took place over a relatively 
short time interval. In the better exposed northern part of the Devils Pulpit 
Member, emplacement of Units 1, 2 and 3 in rapid succession is indicated 
by the absence of intercalated reworked horizons in this part of the 
sequence. Approximately 50 m of massive to thinly bedded and, in places, 
cross-bedded tuffaceous sandstone and thin ash beds occur between Units 
3 and 4. These sandstones have been interpreted as a succession of thin 
mass-flow deposits, slightly reworked by current activity. In view of the mass- 
flow emplacement mechanism for most of this sequence, the time interval 
between emplacement of Units 3 and 4 may also have been of short
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duration. The southern lens of the Devils Pulpit Member is also dominated 
by rapidly emplaced units, in this area consisting mainly of thick graded units 
of coarse-grained crystal-rich volcanic sandstone. In the Neringah area, 
however, the Devils Pulpit Member consists of several thin and possibly 
discontinuous lenses of volcaniclastic material, interbedded with immature 
massive to bedded tuffaceous sandstone. Rapid influx of large amounts of 
reworked pyroclastic detritus during emplacement of the Devils Pulpit 
Member and a greater degree of fractional reworking of the entire sequence 
is envisaged for this area, compared with the Devils Pulpit Member 
sequence elsewhere in the Tangerang Formation.
8.6 THE SHALLOW MARINE FILL OF THE SOUTHEASTERN 
WOLLONDILLY BASIN
Following emplacement of the Devils Pulpit Member substantial 
volumes of tuffaceous and quartzose sediment were deposited in shallow 
water in the southeastern part of the Wollondilly Basin. These rocks are not 
exposed north of Marulan, but infilling of the northern part of the Wollondilly 
Basin at this time is also anticipated, prior to eruption of large volumes of 
subaerial pyroclastic rocks in this area.
Sediment deposited in the southeastern part of the Wollondilly Basin 
after emplacement of the Devils Pulpit Member was derived from two 
sources: (i) an active volcanic source, probably in the same location as that 
providing the Devils Pulpit Member debris; and (ii) a quartzose source. The 
volcanic source was intermittent in its activity but the quartzose source, 
comprising uplifted Ordovician hills on the southeastern margin of the 
Wollondilly Basin, shed small volumes of detritus continuously and became 
the dominant sediment source during periods of volcanic quiescence. In 
general, this has produced a pattern of discrete intervals of tuffaceous or 
quartz sandstone and little mixing of these two sediment types. In the
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Marulan South to Bungonia area, which is relatively close to the inferred 
volcanic source, the amount of quartz sand mixed with tuffaceous sediment 
is minimal. The degree of mixing of tuffaceous and quartzose sediment 
increases southwards resulting in the development of an area of tuffaceous- 
quartz sandstone around Jacqua.
The palaeogeography of the southeastern Wollondilly Basin following 
deposition of the Devils Pulpit Member is considered in two parts: (i) thick 
(600-700 m) shallow marine tuffaceous sandstone in the area between 
Marulan South and Reevesdale; and (ii) less well exposed interfingering 
shallow marine quartz, mixed quartzose-tuffaceous and tuffaceous 
sandstone in the area south of Reevesdale.
During deposition of these shallow marine sediments the basin 
remained open to the north of Marulan and to the south of Windellama.
(i) Shallow marine tuffaceous sandstone in the Marulan South to 
Reevesdale area: The large thickness of tuffaceous sandstone overlying 
the Devils Pulpit Member between Marulan South and Reevesdale is 
entirely shallow marine. Moderately sorted, bedded and cross-bedded tidal 
shelf sandstone is volumetrically the major facies in this interval although 
individual mass-flow beds (up to 10 m thick) and thinly bedded sequences of 
mass-flow deposits and silty laminae also occur. Coarse-grained sandstone, 
reworked in a high energy, very shallow marine setting overlain by storm 
redeposited sandstone, is restricted to one locality (Frome Hill) above the 
Devils Pulpit Member.
Palaeocurrents in the tuffaceous shelf sandstone indicate major 
transport to the north and a smaller component to the south (Fig. 3.6). 
Tuffaceous detritus deposited in coastal parts of the basin by rivers and 
subsequently slumped offshore, has been reworked by tide-generated 
currents moving through the basin. The intercalation of mass-flow deposits
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with traction deposits reflects either fluctuating water depths or deposition of 
beds too thick to be reworked by the prevailing currents. Thicker intervals of 
laminated crystal-vitric siltstone and fine-grained tuffaceous sandstone 
within the shelf sequence are interpreted as localised areas of deeper water 
deposition, below the level of current activity. In some instances thin massive 
sandstone beds have been reworked locally by weak traction currents 
producing intervals of cross-bedding or rippled fine-grained tops of beds.
The top of the marine tuffaceous sandstone sequence in the Marulan 
South to Reevesdale area is marked by increasing proportions of crystal- 
vitric siltstone laminae and the occurrence of 1 cm to >2 m massive to 
graded tuffaceous sandstone beds. Thick intervals of crystal-vitric siltstone 
and thin sandstone are regarded as the deposits of prograding deltas in 
quiet shallow water, either lacustrine or shallow marine, which resedimented 
pyroclastic debris transported into the basin in rivers. Large quantities of 
fine-grained material and the scarcity of fractional features in this part of the 
sequence suggest waning of current activity, most likely the result of infilling 
and/or slight uplift of the basin.
Volcanic activity, producing large volumes of coarse- to very fine­
grained pyroclastic material, probably continued at least intermittently 
throughout the deposition of the marine tuffaceous sandstone sequence. 
Contributions of detritus from the quartzose sedimentary source were 
minimal. Any pyroclastic flows that entered the sea completely disintegrated 
and were reworked by the tidal currents that dominated the basin after the 
emplacement of the Devils Pulpit Member. The absence of thick intercalated 
volcaniclastic units within the tuffaceous sandstone sequence may indicate 
either more effective fractional reworking than applied earlier, or weaker 
magnitude eruptions in the source area producing smaller and more easily 
reworked pyroclastic flows. The large volume of fine-grained pyroclastic 
material within the upper part of the thick tuffaceous sandstone sequence
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may have been derived from erosion of deposits of voluminous, possibly 
phreatomagmatic, eruptions.
Following deposition of the marine tuffaceous sandstone sequence, 
but prior to the transition to a fluvial depositional regime, the oldest part of 
the Carne Dacite Member was emplaced in the area between Marulan 
South and Brisbane Meadows. Small pods of dacite, classified as the lower 
Carne Dacite Member, were emplaced as a series of high level intrusions at 
various stratigraphic levels in the marine tuffaceous sandstone sequence 
(Chapter 6.2.5). Substantial erosion associated with subaerial exposure of 
the sequence removed localised areas of up-domed sediments above the 
various dacite bodies, before deposition of the overlying quartz sandstone.
(ii) Shallow marine sandstone south of Reevesdale: The variety of 
shallow marine facies above the Devils Pulpit Member south of Reevesdale 
reflects the interplay between, and localised dominance of, volcanic versus 
sedimentary source areas. Fine-grained, probably shallow marine, quartz 
sandstone overlying the Devils Pulpit Member in the Reevesdale area 
passes southwards into a mixed quartzose-tuffaceous graded sandstone 
facies, which is overlain by a discontinuous sequence of fossiliferous 
tuffaceous sandstone at Jacqua (Fig. 3.9). The reworked Devils Pulpit 
Member and overlying tuffaceous sandstone sequence at Neringah also 
passes up into a similar mixed quartzose-tuffaceous facies. The shallow 
marine tuffaceous or mixed quartzose-tuffaceous sandstone sequence is 
overlain by coarse- to fine-grained quartz sandstone and shale of mainly 
fluvial origin.
In contrast to the area north of Reevesdale, the input of sediment into 
the southernmost part of the Wollondilly Basin was derived from both the 
older quartzose source terrain and the tuffaceous source in approximately 
equal amounts. The increased input of quartzose detritus in the area south
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of Reevesdale during deposition of the marine sandstone sequence 
indicates an overall shift in fluvial drainage from the volcanic source area 
during emplacement of the Devils Pulpit Member, towards an older 
basement province. Intervals of tuffaceous and mixed quartzose-tuffaceous 
sandstone reflect localised input of pyroclastic debris from river systems 
draining the volcanic source, within a part of the basin dominated by 
sediment input from the quartzose source.
Gradual shallowing of water depths in the southernmost part of the 
Wollondilly Basin is reflected by facies developed in the shallow marine 
sequence. At Jacqua, for example, a vertical transition from thinly bedded 
storm-gene rated shelf turbidites into cross-bedded sandstone, both of mixed 
quartzose and tuffaceous provenance, occurs above the Devils Pulpit 
Member. This sequence is overlain by coarse-grained, poorly sorted 
tuffaceous sandstone that passes upwards and laterally into fine-grained 
water-lain crystal-vitric siltstone. This siltstone interval has been broadly 
correlated with the top of the marine tuffaceous sandstone sequence in the 
area north of Reevesdale but at Jacqua the siltstone is overlain by 
fossiliferous, coarse-grained and cross-bedded tuffaceous sandstone 
deposited under a strong northerly current regime in very shallow water. 
These rocks are overlain by a thick sequence of coarse- to fine-grained 
quartz sandstone which lacks marine fossils and has been interpreted as a 
fluvial deposit.
8.7 TRANSITION FROM A SHALLOW MARINE TO SUBAERIAL 
DEPOSITIONAL ENVIRONMENT IN THE SOUTHEASTERN WOLLONDILLY 
BASIN
The shallow marine deposits of the southeastern Wollondilly Basin 
are unconformably overlain by a succession of fine- to coarse-grained 
quartz sandstone and shale, mainly of fluvial origin.
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Lithologies within the shallow marine part of the Tangerang 
Formation are generally continuous over large distances and are not 
truncated by major erosional events, resulting in a relatively simple 
stratigraphy. Shallow marine conditions persisted throughout the lower part 
of the Tangerang Formation, without evidence of significant periods of 
exposure that would allow erosion. In contrast, that part of the Tangerang 
Formation above the shallow marine sequence is characterised by erosion, 
removing large portions of the entire sequence in some areas and resulting 
in abrupt truncation of units and dramatic thickness variations. In the 
Brisbane Meadows to Reevesdale area, for example, as much as several 
hundred metres of the shallow marine tuffaceous sandstone has been 
removed prior to quartz sandstone deposition. Substantial erosion of this 
nature indicates emergence of the sequence to form an extensive 
topographically subdued region of easily erodible tuffaceous detritus which 
was subjected to downcutting by river systems draining Ordovician rocks on 
the margins of the Wollondilly Basin (Fig. 8.4). Sparse palaeocurrent data 
from fluvial quartz sandstone indicate rivers flowed in a southeasterly 
direction carrying quartzose detritus derived from Ordovician rocks exposed 
on the western side of the Wollondilly Basin.
Widespread erosion was followed by deposition of quartz sandstone 
and shale. A fluvial to lacustrine origin for a large part of this sequence has 
been proposed to account for the absence of marine fossils, the slightly 
poorer sorting compared with underlying marine quartz sandstone and the 
presence of shale horizons and upward fining coarse- to fine-grained 
sandstone intervals containing shale intraclasts. Minor marine incursions 
may have occurred, however, to produce the intervals of well sorted fine- to 
medium-grained quartz sandstone that lack interbedded shale. In addition, 
rare siderite concretions found in parts of the quartz sandstone indicate
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deposition in environments such as lagoons or deltaic swamps and imply 
proximity to a shoreline.
In an environment dominated by fluvial and lacustrine processes, but 
also possibly subject to periodic marine incursions, stratigraphic 
complications reflect a, complex interplay of factors such as sea level 
changes, isostatic adjustment and faulting associated with volcanism. The 
large volume of quartzose material deposited in the southeastern part of the 
Wollondilly Basin at this time implies widespread erosion of Ordovician 
source areas by fluvial processes and rapid emplacement of this material 
into the basin.
A large proportion of the fluvio-lacustrine quartz sandstone and shale 
sequence was deposited prior to the eruption of the Kerillon Tuff Member, 
particularly in the area south of Brisbane Meadows. The occurrence of 
quartz sandstone overlying the Kerillon Tuff Member, however, indicates 
continued input from the quartzose source area.
8.8 SUBAERIAL PYROCLASTIC DEPOSITS IN THE WOLLONDILLY BASIN
The Kerillon Tuff Member of the Tangerang Formation is the earliest 
preserved sequence of subaerial pyroclastic rocks in the Wollondilly Basin. 
Earlier subaerial explosive eruptions have been inferred, but their observed 
products are restricted to variably reworked subaqueous equivalents. The 
Kerillon Tuff Member is also the earliest part of the sequence to be 
preserved north of Marulan. Subaerial pyroclastic rocks were emplaced onto 
a coastal plain environment where rivers were actively removing parts of the 
underlying lithologies and depositing quartz sandstone (Fig. 8.4). Shale and 
thin mass flows of quartz sand accumulated in large lakes or quiet marine 
embayments. This landscape was drastically modified, at least temporarily, 
by the emplacement of thick ignimbrite sheets, particularly from the Unit 2
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eruption, to form an even topography, dipping gently away from a volcanic 
source north of Marulan.
The Kerillon Tuff Member has been subdivided into two units, which 
are separated by a substantial thickness of fluvial quartz sandstone, 
indicating two distinct episodes of volcanism. Unit 1 consists mainly of non- 
welded ignimbrite and thin ash-fall tuffs interpreted as the products of a 
phreatomagmatic eruption, whereas Unit 2 consists of multiple flow units of 
mainly welded ignimbrite, minor ash-fall tuff and resedimented material. A 
clear vent area cannot be identified for either unit. The source of Unit 1 is 
particularly problematical because it's present exposure is largely restricted 
to a small area around Tangerang Creek. A vent area north of Marulan is 
indicated for Unit 2 by systematic changes within the sequence between 
Marulan and Lumley Park that are consistent with a gradation from relatively 
proximal to more distal pyroclastic facies (Chapter 5.3.6). Differences in 
eruptive style and composition between the two units suggest different 
source volcanoes but these may have been located in approximately the 
same geographic area.
Emplacement of each of the two Kerillon Tuff Member units occurred 
as short-lived events that intruded upon, and overwhelmed, deposition of 
quartz sandstone and shale in the areas flanking the volcanic source. 
Intercalated reworked facies are rare in both units and comprise deposits of 
sheetwash material rapidly emplaced during localised flooding events.
Unit 1 has been interpreted as the product of a single large 
magnitude phreatomagmatic eruption from an unknown source of rhyolitic 
composition. The base of this sequence is marked by a thin discontinuous 
band of fine-grained volcaniclastic rocks that may have been deposited in 
either a subaqueous (probably lacustrine) or subaerial environment. The 
bulk of Unit 1, however, consists of thick non-welded, mainly fine-grained 
ignimbrite and bedded coarse- and fine-grained ash-fall tuff. Infilling of the
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fluvial topography by emplacement of several individual ignimbrite flow 
units, which are up to 50 m thick, is envisaged. The occurrence of 
accretionary lapilli within the upper part of the ignimbrite and within bedded 
coarse-grained ash-fall deposits, support the phreatomagmatic origin 
proposed for Unit 1. Formation of accretionary lapilli from voluminous ash 
clouds, either at vent or associated with moving pyroclastic flows, may have 
been assisted by condensation of steam within the ash clouds or by 
wholesale rain flushing of the ash cloud during more localised storm activity.
Large volumes of water released from condensation of steam within 
the ash-laden atmosphere, or by large-scale storm activity may have also 
promoted rapid removal of easily erodible ash-fall tuff at the top of Unit 1 
very soon after it was deposited. Reinstatement of fluvial systems draining 
Ordovician sequences on the basin margins is indicated by erosion of large 
areas of the Unit 1 sequence, particularly south of the Tangerang Creek 
area, and deposition of quartz sandstone. The base of the overlying Unit 2 
sequence infills the erosional surface cut into the underlying rocks.
Unit 2 has been traced approximately 50 km between Big Hill and 
Lumley Park (Fig. 8.5). The distribution and abundance of dacitic fragments 
have been used firstly, to infer the presence of contemporaneous lava 
domes or flows in, or near, the source caldera and, secondly, to constrain 
the position of the proposed southern wall of this caldera to the area 
between Big Hill and Marulan (Chapter 5.3.6). An exceptionally thick 
sequence of homogeneous densely welded ignimbrite around Big Hill has 
been interpreted as the fill of a collapsed caldera. This is likely to be the 
caldera associated with the Unit 2 eruption, but evidence is lacking to 
distinguish between this and the fill of a pre-existing, unrelated collapsed 
caldera.
The exposures of Unit 2 in the area south of Marulan represent 
progressively more distal parts of the southern outflow ignimbrite sheet,
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traceable for at least 25 km south of the inferred position of the southern 
caldera wall (Fig. 8.5). The stratigraphy in this area records a continuous 
emplacement of a thick succession of multiple ignimbrite flow units from a 
large magnitude explosive eruption. Overall, the Unit 2 ignimbrite becomes 
finer grained in the more distal areas, characterised by fewer and smaller 
lithic and pumice clasts but increased volumes of intercalated ash-fall tuff 
and reworked material than occurs in areas closer to source.
The Unit 2 ignimbrite was deposited by poorly to moderately 
expanded pyroclastic flows, resulting in largely welded, variably graded 
units with low amounts of associated co-ignimbrite ash (Chapter 5.3.3). 
Preceding plinian phases or basal layers have not been identified. These 
features favour rapid eruption of large volumes of magma and low eruption 
columns, probably associated with multiple or incremental caldera collapse 
(Fig. 8.5).
Intervals of ash-fall tuff are a minor component of the Unit 2 
stratigraphy and most consist of thick accretionary lapilli-bearing massive 
intervals or bedded coarse- and fine-grained layers, in some cases slightly 
reworked by sheetwash processes. Although the eruption envisaged for 
Unit 2 implies low rather than high eruption columns to produce relatively 
poorly expanded pyroclastic flows, an eruption of the magnitude of the one 
envisaged for this sequence should still release large quantities of ash into 
the atmosphere. Fall-out of this ash, assisted by rain flushing during 
localised storm activity has been proposed for many of the ash-fall tuff 
occurrences. Thin bands of very fine-grained laminated ash, possibly of co- 
ignimbrite origin, are rare.
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8.9 PQST-KER1LL0N TUFF MEMBER DACITE EMPLACEMENT AND 
SEDIMENTATION
The sequence and nature of events following the emplacement of the 
Kerillon Tuff Member can be loosely reconstructed for the poorly exposed 
parts of the sequence between Brisbane Meadows and Lumley Park but can 
only be inferred in other areas where the top of the Tangerang Formation 
has been removed prior to eruption of the Barrallier Ignimbrite.
In the area north of Marulan and at Tangerang Creek a period of 
erosion of indeterminate, although probably short duration, followed 
emplacement of Unit 2 of the Kerillon Tuff Member. In these areas the 
Kerillon Tuff Member is overlain by the Kerrawarra Dacite Member, an 
enigmatic lithology that has dimensions comparable with many ignimbrite 
units but which was clearly emplaced by coherent viscous flow producing 
the characteristics of lava flows. The present extent of the Kerrawarra Dacite 
Member spans approximately 35 km but it may have originally extended a 
considerable distance north of the Tarlo River where this part of the 
Tangerang Formation is covered by the Barrallier Ignimbrite.
The original southern extent of the Kerrawarra Dacite Member, 
however, is unlikely to have been substantially south of the Tangerang 
Creek area, as it does not occur between Brisbane Meadows and Lumley 
Park. The stratigraphy in the Brisbane Meadows to Neringah area is 
represented by complex relationships between emplacement of Carne 
Dacite bodies and deposition of tuffaceous and quartz sandstone (Fig. 6.8). 
The temporal relationship between the dacite-sandstone sequence south of 
Brisbane Meadows and the Kerrawarra Dacite Member north of this area is 
unknown. The paucity of reworked detritus between the Kerillon Tuff 
Member and Kerrawarra Dacite Member in the area between Tangerang 
Creek and Big Hill supports emplacement of the two units in relatively close 
succession. A longer time interval is envisaged for the series of events
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proposed for the region south of Tangerang Creek and shown in Figure 6.8 
where the Kerillon Tuff Member was removed entirely by erosion in some 
areas leaving remnants of the original sequence only in the Tangerang 
Creek, Brisbane Meadows and Lumley Park areas.
The eroded remnants of the Kerillon Tuff Member at Lumley Park are 
overlain by a pebbly and coarse-grained sandstone which passes laterally 
north and south into clastic wedges of coarse-grained tuffaceous sandstone, 
shed from the Lumley Park area. Reworking of the pyroclastic rocks and 
underlying quartz sandstone at Lumley Park in alluvial fans during short­
lived episodes of floods is envisaged as a response to uplift of this area 
during emplacement of a dacitic cryptodome (Fig. 6.8; Chapters 3.3.4 and 
6.2.5). Dacitic detritus found in coarse-grained and pebbly sandstone 
samples may have been derived either from dacitic extrusions associated 
with cryptodome emplacement or from reworking of dacitic clasts in Unit 2 
ignimbrite. In the area south of Lumley Park, parts of the tuffaceous 
sandstone wedge are lateral facies equivalents of the Kerillon Tuff Member 
Unit 2 ignimbrite and reflect contemporaneous reworking of this sequence.
Final emplacement of the middle Carne Dacite Member bodies at 
Lumley Park was followed by blanketing of this area by fluvial fine- to 
medium-grained quartz sandstone. Dacite in the Brisbane Meadows area 
was emplaced into this quartz sandstone sequence, apparently 
incorporating a number of quartz sandstone and Kerillon Tuff Member 
blocks at its margin (Fig. 6.8). No further deposition is recorded in this part of 
the Wollondilly Basin until emplacement of the Barrallier Ignimbrite onto a 
dissected erosional land surface, although several small intrusive dacitic 
bodies (upper Carne Dacite Member) were emplaced into the sequence at 
some time subsequent to eruption of the Kerrawarra Dacite Member.
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8.10 VOLCANIC ACTIVITY IN THE NORTHERN PART OF THE 
WOLLONDILLY BASIN
Temporal relationships between the volcanic events described from 
the southern part of the Bindook Volcanic Complex and activity resulting in 
the emplacement of the Joaramin Ignimbrite, Wombeyan volcanics and 
Kowmung Volcaniclastics have not been determined. Members of the 
Tangerang Formation can only be traced as far north as the Tarlo River 
where they are covered by the extensive Barrallier Ignimbrite sheet which is 
the product of the youngest major eruption recorded in the Bindook Volcanic 
Complex. Outcrop relationships between the volcanic units in the northern 
Bindook Volcanic Complex and the well defined stratigraphy farther south 
are therefore obscured. Furthermore, depositional environments in the 
Wombeyan volcanics, in particular, are poorly understood and further work 
is required in this sequence, as well as in the Kowmung Volcaniclastics, to 
verify proposed depositional environments and processes of emplacement 
and, thus, more precisely constrain source areas. As a result, the 
palaeogeography proposed for the northern part of the Bindook Volcanic 
Complex in this thesis is a preliminary one.
The Joaramin Ignimbrite, and other associated smaller dacitic and 
rhyolitic welded ignimbrites, overlie parts of the Tangerang Formation 
between the Tarlo River and Bungonia. Clasts of very similar ignimbrite 
found in the upper part of the Kowmung Volcaniclastics suggest eruption of 
the Joaramin Ignimbrite prior to or synchronously with the Kowmung 
Volcaniclastics.
Discussion of the northern Bindook Volcanic Complex stratigraphy in 
Chapter 7 suggested that the Wombeyan volcanics and Kowmung 
Volcaniclastics are, at least in part, contemporaneous units. The basis for 
this proposal included: (i) their sim ilar geographic position in the 
northwestern part of the Wollondilly Basin; (ii) compositional similarities
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between rhyolites in the Wombeyan to Tarlo River ares and the silicic 
breccia in the Kowmung Volcaniclastics; and (iii) the similar provenance for 
pebbly sandstone at Wombeyan and quartzo-feldspathic sandstone in the 
Kowmung sequence. Speculation, however, that the Wombeyan volcanics 
provided some of the detritus found in the nearby Kowmung Volcaniclastics 
implies that at least part of the poorly known Wombeyan sequence pre-dates 
the Kowmung Volcaniclastics. The Kowmung Volcaniclastics have been 
clearly demonstrated as marine deposits, although precise water depths of 
emplacement remain unconstrained. Depositional environments for the 
W ombeyan volcanics are also uncertain. Features such as thick 
sedimentation units, and the abundance of reworked material and non- 
welded pyroclastic detritus, are possibly more consistent with a marine 
depositional environment than with the subaerial setting portrayed in 
previous work (Hansen 1979).
Evidence for the relative timing of emplacement of both of these units 
in the overall Bindook Volcanic Complex stratigraphy is more tenuous and 
relies on matching clast lithologies in the Kowmung Volcaniclastics with 
possible source rocks in the southern part of the Wollondilly Basin. Potential 
source lithologies in the Tangerang Formation include: (i) the Kerrawarra 
Dacite Member, or a compositionally similar equivalent, for intermediate 
volcanic fragments in the lower mudstone facies association in the 
Kowmung Volcaniclastics; and (ii) a minor contribution from the Kerillon Tuff 
Member Unit 2 ignimbrite to the boulder conglomerate in Cobra Creek.
Distinctive K-feldspar-bearing welded ignimbrite clasts are a common 
constituent of parts of the boulder conglomerate division of the Kowmung 
Volcaniclastics. The proposed source for these clasts are K-feldspar-bearing 
rhyolitic and dacitic welded ignimbrite units that overlie the Tangerang 
Formation in the area immediately south of the Tarlo River.
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These observations, regarding potential source areas for the 
Kowmung Volcaniclastics and by inference the Wombeyan volcanics, do not 
offer definitive evidence about the timing of their emplacement but suggest 
that they post-date the Tangerang Formation and eruption of the succeeding 
Joaramin Ignimbrite. This scenario is supported by the proposed link 
between the lenticle tuff unit at the top of the Kowmung Volcaniclastics and 
the Barrallier Ignimbrite. Compositional sim ilarity between these two 
lithologies and an absence of the conspicuous Barrallier Ignimbrite as clasts 
in the pre-lenticle tuff portion of the Kowmung Volcaniclastics supports 
interpretation of the lenticle tuff as the marine equivalent of a portion of the 
Barrallier Ignimbrite.
Available data, therefore, suggest that the Wombeyan volcanics and 
Kowmung Volcaniclastics were emplaced relatively late in the development 
of the Bindook Volcanic Complex. The proposed deep marine depositional 
environment for the Kowmung Volcaniclastics (Cas et al. 1981) supports the 
continuance of the Wollondilly Basin northwards of its currently exposed 
extent and is consistent with proposals by Cas and Jones (1979) that the 
Bindook Volcanic Complex was a source for volcanic detritus found in the fill 
of the Early Devonian Hill End Trough. A subaerial plateau of Tangerang 
Formation and some younger large-scale ignimbrite sheets is envisaged as 
existing at least in the area between Lumley Park in the south and the Tarlo 
River in the north at this time. The Wombeyan volcanics, relatively close to 
this plateau, may be at least partly marine, and water depths are inferred to 
have increased northwards towards the Hill End Trough. Depositional 
environments in the southeastern Wollondilly Basin at this time are unknown 
as the younger Bindook Volcanic Complex lithologies are not preserved in 
this area.
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8.11 ERUPTION OF THE BARRALLIER IGNIMBRITE AND CLOSING 
STAGES OF VOLCANIC ACTIVITY IN THE WOLLONDILLY BASIN
The last major event recorded in the Bindook Volcanic Complex is the 
eruption of the voluminous, densely welded Barrallier Ignimbrite which 
covered an estimated area of at least 2000 km2 between Yerranderie and 
Goulburn. This ignimbrite has been equated with the top of the Kowmung 
Volcaniclastics but elsewhere it overlies an erosional surface on older 
Bindook Volcanic Complex rocks. This is particularly evident in the southern 
part of the Wollondilly Basin where large amounts of the Tangerang 
Formation have been removed by erosion prior to the Barrallier Ignimbrite 
eruption.
The Barrallier Ignimbrite is notably homogeneous over its entire 
outcrop extent and is comparable in volume, grain size, crystal content and 
outcrop character with some of the largest volume ignimbrites described in 
the literature. A clearly defined caldera structure marking the source vent for 
the Barrallier Ignimbrite has not been identified. The arcuate fault (Fig. 1.1) 
on the northwestern margin of the Bindook Volcanic Complex between 
Yerranderie and Wombeyan Caves may represent part of the margin of a 
large-scale caldera structure that may be related to the Barrallier Ignimbrite. 
Rapid continuous eruption of a compositionally very uniform magma formed 
successive ignimbrite flow units that were densely welded to form a vast 
homogeneous sheet which originally covered most of the underlying units 
on the subaerial ignimbrite plateau.
The final stages of magmatic activity in the Bindook Volcanic Complex 
include the emplacement of mainly intrusive dacitic bodies (similar to the 
upper Came Dacite Member) and the development of at least one small 
volcano and associated apron deposits in the northeastern part of the 
Bindook Volcanic Complex at Yerranderie (Fergusson 1980). Finally, the co­
magmatic Marulan Batholith plutons were emplaced within the Bindook
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Volcanic Complex. Intrusion of the plutons in at least the northern part of the 
Bindook Volcanic Complex was controlled by prominent fracture sets 
developed in the Barrallier Ignimbrite (Simpson 1986).
8.12 SUMMARY OF THE MAJOR EVENTS IN THE DEVELOPMENT OF THE 
BINDOOK VOLCANIC COMPLEX
1. The Bindook Volcanic Complex constitutes the volcanic fill of the Siluro- 
Devonian Wollondilly Basin which extends 150 km between Oberon and 
Windellama. This basin may have originally been part of a continuous basin 
that extended at least into southernmost NSW and possibly into northern 
Victoria.
2. The distribution and character of the early sedimentary fill of the 
Wollondilly Basin suggests an asymmetric basin morphology, possibly 
reflecting a half graben structure with a faulted western margin. Late Silurian 
facies in the eastern part of the Wollondilly Basin are dominated by shallow 
marine limestone and shale whereas deeper water quartz turbidite deposits 
are the dominant facies closer to the western margin.
3. The earliest volcanogenic deposits in the Wollondilly Basin are Early 
Devonian in age. They are only preserved in the southeast part of the basin 
and consist of shallow marine immature tuffaceous sandstone. Explosive 
silicic volcanoes that provided the tuffaceous detritus were most likely 
located on the eastern flank of the basin in the area between Marulan South 
and Reevesdale. Elsewhere adjacent to the eastern margin of the basin, 
limestone, shale and quartz sandstone continued to accumulate on a 
shallow marine shelf.
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4. Escalation of explosive volcanic activity on the southeastern margin of the 
Wollondilly Basin resulted in the accumulation of thick, shallow marine 
volcaniclastic deposits comprising the Devils Pulpit Member. A series of 
large-scale explosive eruptions and consequent transport of erupted 
products into the marine environment, by a combination of pyroclastic and 
fluvial processes, has resulted in the emplacement of multiple thick units of 
volcaniclastic rocks which display variable degrees of sorting and loss of 
fine-grained vitric material.
5. The remainder of the shallow marine succession in the southeastern part 
of the Wollondilly Basin reflects an interplay in input from the active silicic 
volcanic source and an Ordovician quartzose source on the eastern basin 
margin with subsequent reworking of this material in a shallow marine 
environment. North of Bungonia, continued input of pyroclastic material into 
the marine environment has produced a succession of scattered mass-flow 
deposits interspersed with thick intervals of well bedded tuffaceous 
sandstone reworked by tide-generated currents. Farther south similar 
shallow marine facies occur but in this area tuffaceous and quartzose 
detritus have been more thoroughly mixed.
6. Prograding deltaic sequences of fine-grained pyroclastic detritus (crystal- 
vitric siltstone facies) were deposited in either quiet restricted shallow 
marine or lacustrine conditions near the top of the shallow marine 
sedimentary succession.
7. Infilling of the central and southeastern parts of the Wollondilly Basin 
exposed the shallow marine/lacustrine sequence to a substantial period of 
subaerial erosion by river systems draining the basin margins. A thick 
sequence of mainly fluvio-lacustrine quartz sandstone and shale was
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deposited onto this erosional surface, probably in a subdued coastal plain 
setting.
8. Deposition of fluvio-lacustrine quartz sandstone and shale was 
temporarily interrupted tyy emplacement of the earliest preserved subaerial 
pyroclastic deposits in the Tangerang Formation. Non-welded rhyolitic 
ignimbrite (Kerillon Tuff Member Unit 1), the product of a large magnitude 
phreatomagmatic eruption in an undefined source area, is preserved as 
erosional remnants of a once continuous sheet within the quartz sandstone 
sequence.
9. A second major period of explosive ignimbrite-forming activity, this time of 
dacitic composition, is recorded by the thick sequence of mainly welded 
Kerillon Tuff Member Unit 2 ignimbrite and minor ash-fall tuff and tuffaceous 
sandstone. Unit 2 originally covered a large portion of the central and 
southern Wollondilly Basin. Systematic facies changes from north to south 
within Unit 2, consistent with a transition from relatively proximal to distal 
deposits, indicate a source caldera north of Marulan.
10. Resumption of fluvial quartz sandstone deposition together with erosion 
and localised reworking of the pyroclastic sequence followed emplacement 
of Kerillon Tuff Member in the southern part of the Wollondilly Basin. This 
activity was associated with emplacement of two separate dacitic 
cryptodomes. At approximately the same time, dacitic volcanism in the area 
north of Tangerang Creek resulted in emplacement of the Kerrawarra Dacite 
Member, probably as a series of extensive lava flows although an origin as a 
lava-like tuff is also possible.
2 4 5
11. The eruption of voluminous ignimbrite sheets (Kerillon Tuff Member) and 
possible lavas (Kerrawarra Dacite Member) in the upper part of the 
Tangerang Formation and the overlying Joaramin Ignimbrite is envisaged as 
forming an extensive, entirely subaerial plateau occupying much of the 
central and southern Wollondilly Basin. Marine conditions, however, 
persisted in the northwestern part of the basin. In this are the Kowmung 
Volcaniclastics, and possibly the Wombeyan volcanics, comprise a thick 
sequence of volcaniclastic detritus shed northwards from this plateau into a 
marine environment.
12. The last major event in the formation of the Bindook Volcanic Complex 
was the eruption of the Barrallier Ignimbrite, probably from a caldera located 
in the northern part of the subaerial plateau. The Barrallier Ignimbrite formed 
a very thick sheet of densely welded ignimbrite covering a large portion of 
the Wollondilly Basin between at least Yerranderie and Bungonia. Small 
bodies of dacite were subsequently emplaced in the northern part of the 
Bindook Volcanic Complex, mainly as small intrusions. Larger plutons of the 
Marulan Batholith, ranging from quartz gabbro to granitic compositions, were 
emplaced throughout the Bindook Volcanic Complex, terminating the 
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FIGURE 1.1
Simplified map of the Wollondilly Basin between Yerranderie 
and Windellama drawn from mapping presented in this thesis 
and the Taralga 1:100000 Geological Sheet.

FIGURE 1.2
Distribution of the major units in the Bindook 
Complex and location of the Wollondilly Basin 





Distribution of Late Silurian and Early Devonian 
lithologies in the area between Hill End and Cooma. Units 
shown on this map are drawn from the Macquarie and Monaro 
1:500000 Geological Sheets. The map also shows the extent 
of the Wollondilly and Ngunawal Basins and the outline of 
the Hill End Trough.
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Distribution of the Tangerang Formation and younger rocks 
of the Bindook Volcanic Complex between the Tarlo River and 
Windellama. Areas covered by detailed maps in subsequent 
figures are outlined and major locality names shown.

FIGURE 2.2
Simplified geological map of the southern part of the 
Tangerang Formation between Marulan and Windellama. A 
larger version of this map is enclosed in the back of the 
thesis (Volume 2) . Parts of this area are shown in more 
detail in Figures 2.5 to 2.8. Map compiled using 1:25000 
Towrang, Wingello, Bungonia, Caoura, Kooringaroo and 




Simplified geological map of the northern part of the 
Tangerang Formation between the Tarlo River and Marulan. 
The northern part of this area is shown in more detail in 
Figure 2.4. Map compiled using 1:25000 Hanworth, Taralga, 
Chatsbury, Canyonleigh, Towrang and Wingello N.S.W. 
Department of Lands Topographic Map Sheets.

FIGURE 2.4
Geological map of the northern part 
Formation and younger volcanic units 
Volcanic Complex in the Big Hill area.
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FIGURE 2.5
Geological map of the area between Marulan South and




















Geological map of the area between Lumley Park and Jacqua
Creek in the southern part of the Tangerang Formation.

FIGURE 2.7




Geological map of the area between Bogungra Creek and
Windellama in the southern part of the Tangerang Formation.
T
?
Composite stratigraphic columns for the southern part of 
the Tangerang Formation between Marulan South and 
Windellama. Locations of columns A to E are shown on Figure

FIGURE 2.10
Representative east-west cross-sections 
Formation between the Tarlo River
for the Tangerang 
and Winde11ama.
Cross-section locations are shown on Figure 2.3 (Sections 1 
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FIGURE 2.11
Schematic facies correlation diagram for the southern part 
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Stereoplots of poles to bedding for various parts of 
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FIGURE 2.13
Geological map of the Windellama area in the southern part 
of the Tangerang Formation, showing bedding and inferred
fold axes of minor folds.

FIGURE 2.14
Geological map and cross-sections of the rocks adjacent to 
the western boundary of the cross-cutting Carne Dacite 
Member body in Bungonia Creek (Fig. 2.5). Mapped and 
inferred faults and the dacite boundary enclose a small
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Map of the southern part of the Tangerang Formation showing 
the broad distribution of facies within the quartz and 
tuffaceous sandstone associations. The quartz sandstone 
association is indicated in the fine stipple and the 
tuffaceous sandstone association in the heavier stipple. 
The locations of measured sections in Figures 3.4, 3.7,
3.9 and 3.11 are also shown.

FIGURE 3.2
Modal data for facies in the quartz and tuffaceous
sandstone associations of the Tangerang Formation. 500 
points were counted for each sample and results are 
tabulated in Appendix 2. Triangular diagrams show the 
proportions of quartz, feldspar and lithic fragments. 
Composite quartz is included in the lithic pole.
a. Modal data for the proximal turbidite facies, Brooklyn 
Conglomerate Member and quartz sandstone facies of the 
quartz sandstone association.
b. Modal data for the massive and well bedded facies of the 
tuffaceous sandstone association.
c. Modal data for graded tuffaceous sandstone beds of the 
massive to graded sandstone facies in the Jacqua Creek area 
and coarse-grained to pebbly tuffaceous sandstone facies in 
the Lumley Park area.
d. Composite diagram of modal data from the shallow marine 
portion of the tuffaceous sandstone association and the 
entire field of the quartz sandstone association samples.
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Modal data for the tuffaceous and quartz sandstone 
associations of the Tangerang Formation.
a. Proportions of lithic types in the tuffaceous and quartz 
sandstone associations. The C pole includes chert and vein 
quartz grains, the V pole includes all volcanic lithic 
fragments and the S pole includes other sedimentary 
fragments and composite quartz. The massive, well bedded, 
graded and fluvial (coarse to pebbly sandstone) facies all 
belong to the tuffaceous sandstone association.
b. Modal percentage of lithic fragments versus quartz for 
the tuffaceous and quartz sandstone associations, showing 
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through part of the siltstone and 
pebbly sandstone facies (proximal
turbidites) of the quartz sandstone association in the 
Windellama area. Section location is shown in Figure 3.1.
— •)
FIGURE 3.5
a. The siltstone and fine-grained to pebbly sandstone 
facies of the quartz sandstone association exposed in a 
road cutting at Windellama, G.R. Windellama 587220. These 
beds are interpreted as proximal turbidite deposits. Height 
of road cutting is approximately 12 metres.
b. Continuous but thinning fine-grained sandstone and 
siltstone beds within the proximal turbidites in the 
Windellama road cutting. Diameter of lens cap is 5 cm.
c. Massive, coarse-grained beds interpreted as mass-flow 
deposits, within the thinly bedded sequence of siltstone 
and fine- to medium-grained quartz sandstone (proximal 
turbidite facies) at Windellama, G.R. Windellama 587220.
d. Photomicrograph in crossed-nicols of a Brooklyn 
Conglomerate Member sample containing abundant platy 
siltstone and cherty siltstone fragments in a quartz 
sandstone matrix. Width of photo is 7.7 mm. TS6759.
e. Sample of siltstone of the siltstone-limestone facies of 
the quartz sandstone association containing trilobite 
fragments, G.R. Kooringaroo 657275. Scale is a 1.9 cm 
diameter five cent coin.
f. Photomicrograph in crossed-nicols of medium-grained 
sedarenite containing chert fragments, from the upper 
quartz sandstone subfacies of the quartz sandstone 
association. Width of photo is 3 mm. TS6778.
g. Photomicrograph in crossed-nicols of a sideritic patch 
in a sample of quartz sandstone from the upper subfacies, 
in the northern part of the quartz sandstone association. 
Width of photo is 1.16 mm. TS6772.

FIGURE 3.6
Palaeocurrent rose diagrams for sedimentary facies in the 
southern part of the Tangerang Formation. The vector mean 
current direction and the number of cross-beds measured are 
indicated for each plot. The accompanying map shows the 
outline of the southern part of the Tangerang Formation and 






























Measured section through parts of the laminated shale 
facies and the fine- to coarse-grained quartz sandstone 
facies of the quartz sandstone association. The section is 
located south of Tangerang Creek (Fig. 3.1) in the area 
where the quartz sandstone facies interfingers with part of 









a. Hummocky cross-stratification within thinly bedded 
tuffaceous sandstone (massive to graded facies), overlying 
the Devils Pulpit Member at Frome Hill, G.R. Caoura 268461.
b. Poorly sorted massive tuffaceous sandstone containing 
subangular lithic fragment in Bungonia Creek, G.R. Bungonia 
741448. Lens cap diameter is 5 cm.
c. Photomicrograph in crossed-nicols of poorly sorted
massive tuffaceous sandstone, including fine-grained 
volcanic clast at top (labelled v) and echinoid fragment at 
base (labelled e). Width of photo is 2.8 mm. TS6709.
d. Graded tuffaceous sandstone to siltstone beds within the 
massive to graded tuffaceous sandstone facies in the Jacqua 
Creek area, G.R. Kooringaroo 673307.
e. Photomicrograph in crossed-nicols of recrystallised
relict shard (labelled s) within a sample of moderately 
well sorted tuffaceous sandstone of the massive to graded 
sandstone facies in Jacqua Creek. Width of photo is 0.9 mm. 
TS6745.
f. Interbedded medium—grained tuffaceous sandstone and thin 
crystal-vitric siltstone laminae in the upper part of the 
tuffaceous sandstone association north of Bungonia Creek 
G.R. Bungonia 737444.
g. Light coloured crystal-vitric siltstone laminae, 
including small sandy lenses, interbedded with fine— to 
medium-grained tuffaceous sandstone in the upper part of 
the tuffaceous sandstone association, G.R. Bungonia 740449

FIGURE 3.9
Measured section through various facies within the shallow 
marine tuffaceous sandstone association in Jacqua Creek. 
Diagram location is indicated in Figure 3.1.

FIGURE 3.10
a. Medium-scale cross-bedding within the well bedded facies 
of the tuffaceous sandstone association in the Carne area, 
G.R. Bungonia 731428. In this outcrop the current direction 
is towards the north-northeast.
b. Channel structure (marked c near geological hammer) 
within the well bedded facies of the tuffaceous sandstone 
association at Neringah, G.R. Kooringaroo 618295.
c. Partly overturned, slumped, medium-scale cross-bed 
within medium- to coarse-grained, well bedded sandstone of 
the tuffaceous sandstone association in the Jacqua Creek 
area, G.R. Kooringaroo 668306. Current direction in this 
outcrop is towards the north.
d. Photomicrograph in crossed-nicols of moderately well 
sorted tuffaceous sandstone from the well bedded facies. 
Quartz content is higher than in massive sandstone samples. 
Width of photo is 1.1 mm. TS6747.
e. Photomicrograph in plane polarised light of 
crystal vitric sij_tstone from the Jacqua Creek area showing 
the large proportion of relict glass shards and 
fin® U^S-ined recrystallised matrix. Width of photo is 1.3 
mm. TS6749.
f. Photomicrograph in crossed-nicols of crystal—vitric 
siltstone laminae and fine-grained tuffaceous sandstone 
(lighter band on right hand side) from the Jacqua Creek 
area. Width of photo is 3.2 mm. TS6749.

FIGURE 3.11
Measured section through the crystal-vitric siltstone 
facies of the tuffaceous sandstone association in Tangerang 
Creek. Base of the section is the top of the massive and 
well bedded facies in this area which has been intruded by 
a lens of Carne Dacite. The top of the section is the base 




a. Thinly laminated crystal-vitric siltstone, interpreted 
as resedimented fine-grained pyroclastic detritus, near 
base of the measured section in Tangerang Creek (Figure 
3.5). Lens cap is 5 cm wide.
b. Plastically deformed accretionary lapilli within 
diffusely laminated crystal-vitric siltstone in Tangerang 
Creek, G.R. Caoura 268500. Scale is 1.9 cm five cent coin.
c. Planar to slightly wavy laminated crystal-vitric 
siltstone in the Jacqua Creek area, G.R. Kooringaroo 
670306.
d. Interbedded laminated crystal-vitric siltstone (lighter 
coloured bands) and fine-grained tuffaceous sandstone 
within the crystal-vitric siltstone facies of the 
tuffaceous sandstone association, G.R. Kooringaroo 672308.
e. Pebbly sandstone at Lumley Park (high energy fluvial 
facies) containing subrounded clasts of quartz sandstone, 
chert and bedded tuff, G.R. Kooringaroo 665328.
f. Photomicrograph in crossed-nicols of pebbly sandstone 
from Lumley Park. Clast labelled d on left side of 
photograph is dacitic lava, v is vein quartz and c is 
chert. Width of photo is 7.7 mm. TS6756.

FIGURE 3.13
Map of the Bay of Plenty area in the North Island of New 
Zealand, adapted from maps in Lewis and Pantin (1984) . The 
map of this area has been inverted and rotated through 90 
degrees to show the similar distribution of sediment source 
areas and shallow marine sediment types to that envisaged 




Map of the southern part of the Tangerang Formation showing 
the distribution of the Devils Pulpit Member and locality 










Series of measured stratigraphic columns for the northern 
lens of the Devils Pulpit Member, showing the distribution 
of the four units delineated in this area. The location of 




Facies correlation diagram for the northern lens of the 
Devils Pulpit Member, based on stratigraphic detail shown 
in measured columns in Figure 4.2. The large area of Carne 
Dacite Member on the left hand side of the diagram is the 
cross-cutting body in Bungonia Creek, bounded by two 
east-west faults which offset part of the Devils Pulpit
Member.
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a. Plots of the modal vitric, crystal and lithic fragment 
data for the Devil? Pulpit Member. The vitric pole includes 
relict glass shards, pumice and vitriclasts. The crystal 
pole includes quartz, plagioclase and K-feldspar. The 
lithic pole includes accessory and accidental lithic 
fragments.
b. Plots of modal quartz, total feldspar and vitric data 
for the Devils Pulpit Member. Volcanic breccia and 
coarse-grained volcanic sandstone samples from the northern 
lens are shown in Plot A. The entire range of lithologies 
found in the southern lens are shown in Plot B.
c. Plot of modal quartz, plagioclase and K-feldspar for 
volcanic breccia and coarse-grained volcanic sandstone 
samples from the Devils Pulpit Member.
d. Relative abundance of modal volcanic and sedimentary 
lithic fragments in coarse- and fine-grained lithologies in 
the Devils Pulpit Member.
e. Maximum lithic fragment size for Units 1 to 4 in the 
northern lens of the Devils Pulpit Member. Each point 
represents the average of the greatest dimension of the 
five largest lithic fragments in individual outcrops. The 
letters A to M on the horizontal axis mark the position of 
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FIGURE 4.5
a. Boulder of the Unit 1 bimodal tuffaceous sandstone 
showing poorly sorted texture and the inclusion of 
pyroclastic fragments in a finer grained matrix. A thin 
band of interbedded fine-grained tuffaceous sandstone is 
visible at the top of the photo. G.R. Bungonia 733426.
b. Photomicrograph in crossed-nicols of the Unit 1 bimodal 
tuffaceous sandstone showing larger quartz and feldspar 
fragments in a fine-grained tuffaceous sandstone matrix. 
Photo width is 6.1 mm. TS 6787.
c. Sample of crystal-poor Unit 2 volcanic breccia, 
approximately 22 cm long, containing white fine-grained 
volcanic lithic fragments, black vitriclasts and a crinoid 
stem (labelled c). G.R. Caoura 268461.
d. Outcrop of the Unit 2 volcanic breccia in the Frome Hill 
area containing an elongate black vitriclast. Diameter of 
lens cap is 5 cm. G.R. Caoura 268461.
e. Photomicrograph in crossed-nicols of the Unit 2 volcanic 
breccia, showing scattered quartz and feldspar phenocrysts, 
relict glass shards and a pumice fragment (labelled p) . 
Photo width is 6.1 mm. TS6791.
f. Photmicrograph in plane polarised light of the pumice 
fragment indicated in photo e. Photo width is 2.7 mm. 
TS 6791.
g. Photomicrograph in plane polarised light of a well 
preserved relict glass shard (labelled s) and small black 
vitriclast (labelled v) in a Unit 2 volcanic breccia 
sample. Photo width is 2.7 mm. TS 6792.

FIGURE 4.6
Measured stratigraphic column of part of the Devils 
Member in the northern lens near Frome Hill. This 
includes lithologies in Units 1 to 3. The location 








a. Outcrop appearance of the massive, coarse-grained, 
crystal-rich volcapic sandstone in Unit 3 at Carne. G.R. 
Bungonia 732427.
b. Photomicrograph in plane polarised light of a sample of 
crystal-rich Unit 3 volcanic sandstone. Fragment on left 
side of photo is an ashy clast. Photo width is 3.1 mm. 
TS 6796.
c. Photomicrograph in plane polarised light of a sample of 
fine-grained, crystal-poor volcanic sandstone from the 
upper part of Unit 3. Photo shows abundant non-welded, 
relict glass shards and several bubble structures. Photo 
width is 2.6 mm. TS 6806.
d. Outcrop appearance of the Unit 4 volcanic breccia at
• Outcrop contains volcanic fragment below lens cap 
and other smaller, angular clasts. G.R. Bungonia 731427.
e. Large, elongate vitriclast within the Unit 4 volcanic 
breccia at Carne (labelled v). G.R. Bungonia 731427.
f. Photomicrograph in crossed-nicols of a recrystallised 
relict shard from the upper part of the Unit 4 volcanic 
breccia. Photo width is 1.2 mm. TS 6812.
g. Bedded ash sequence near the top of Unit 4 in Bungonia 
Creek. Pen used as scale near the base of the photo is 
14 cm long. G.R. Bungonia 742447.

FIGURE 4.8
a. Extremely flattened vitriclasts, interpreted as former 
pumice fragments, in fine-grained vitric-rich volcanic 
sandstone from the upper part of Unit 4. Lens cap is 5 cm 
across. G.R. Bungonia 742438.
b. Photomicrograph in plane polarised light of the 
vitric-rich volcanic sandstone shown in photo a. Relict 
shards are very abundant in this rock but are entirely 
non-welded. Photo width is 1.9 mm. TS 6824.
c. Poorly developed bedding in coarse-grained, very 
crystal-rich volcanic sandstone from the base of the 
Devils Pulpit Member in Buburba Creek. G.R. 
Kooringaroo 625239.
d. Elongate vitriclasts defining a foliation in 
coarse-grained, crystal-rich volcanic sandstone in the 
Buburba Creek area. G.R. Kooringaroo 619238.
e. Photomicrograph in crossed-nicols of fine-grained 
volcanic sandstone from the southern lens of the Devils 
Pulpit Member. Sample contains scattered quartz and altered 
feldspar grains, former pumiceous clasts (labelled p) and 
relict shards (labelled s). Photo width is 2.8 mm. TS 6836.
f. Photomicrograph in crossed-nicols of coarse-grained 
volcanic sandstone from the Buburba Creek area, containing 
wispy pumiceous fragment (labelled p). Photo width 3.1 mm. 
TS 6845.
g. Photomicrograph in plane polarised light of a sample of 
very crystal-rich volcanic sandstone from the base of the 
Devils Pulpit Member in Buburba Creek. Photo width is
3.1 mm. TS 6849.

FIGURE 4.9
Measured stratigraphic column in the Buburba Creek area 
covering most of the sequence in the southern lens of the 
Devils Pulpit Member. The location of the section is shown 
in Figure 4.1 and key is as for Figure 4.2.
diffusely bedded
FIGURE 5.1
Distribution of the Kerillon Tuff Member in the area 
between the Tarlo River and Lumley Park. Map shows locality 




Two simplified measured sections approximately 1 km apart, 
for the Kerillon Tuff Member and enclosing rocks in the 
Tangerang Creek area. The section in the north branch of 
Tangerang Creek has been nominated as the type section for 
the Kerillon Tuff Member. More detailed sections for 
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Outcrop map of the Brisbane Meadows area showing the 
distribution of Units 1 and 2 Kerillon Tuff Member rocks 
within quartz sandstone and the middle Carne Dacite Member, 
respectively. Outcrop is scarce in critical areas but 
Unit 1 occurrences are interpreted as erosional remnants 
within fluvial sandstone deposits and Unit 2 outcrops are 
regarded as large blocks incorporated near the margins of 
the middle Carne Dacite Member.

FIGURE 5.4
Outcrop map of the Lumley Park area showing the southern 
exposures of the Kerillon Tuff Member and the closely 
associated coarse-grained tuffaceous sandstone facies.

FIGURE 5.5
Modal data for the Kerillon Tuff Member
a. Recalculated modal percentages of vitric, crystal and 
lithic components in Unit 1. For all plots the vitric 
component includes pumice fragments, relict glass shards 
and fine-grained matrix material. The crystal component 
consists of quartz and feldspar fragments and the lithic 
fraction is dominated by accessory and accidental 
volcanic and minor sedimentary clasts.
b. Recalculated modal percentages of vitric, crystal and 
lithic components for samples from Units 2a and 2b in 
the Tangerang Creek area (Plot A) , Unit 2c in Tangerang 
Creek (Plot B) , undifferentiated Unit 2 in the Lumley 
Park area (Plot C) and undifferentiated Unit 2 in the 
Big Hill area (Plot D).
FIGURE 5.5 continued
c . Modal percentages of quartz and feldspar for 
coarse-grained samples in Unit 1 and the 4 areas of 
Unit 2. Units 2a, 2b and 2c are defined in the Tangerang 
Creek area only.
d. Recalculated modal percentages of quartz, feldspar and 
the vitric component in the Kerillon Tuff Member 
showing 3 compositionally distinct groups.
e. Recalculated modal percentages of mafic, quartz and 
feldspar grains showing the absence of mafic grains in 
Units 1 and 2a and their low abundance in Units 2b 
and 2c.
f. Recalculated modal percentages of chert, volcanic and 
sedimentary lithic fragments in the Kerillon Tuff Member 
showing the spread of lithic types in Unit 1 and the 
dominance of volcanic lithic fragments in Unit 2 
samples.
g. The proportion of dacitic clasts in the total modal 
lithic component in Kerillon Tuff Member samples, 
showing a marked increase in abundance above Unit 2a.
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FIGURE 5.6
Surveyed map of the geology between the northern and 
southern branches of Tangerang Creek. Map shows the 
correlation of lithologies within Units 1 and 2 of the 
Kerillon Tuff Member between the two creeks.





Series of stratigraphic columns for Unit 1 of the Kerillon 
Tuff Member in the,Tangerang Creek area between the north 
branch of Tangerang Creek and Jerrara Creek. Diagram shows 
the three facies defined in Unit 1 and the mapped 
relationship between Unit 1 and quartz sandstone. Location 
of columns is shown on the map below.

FIGURE 5.8
a. Photomicrograph in crossed-nicols of a Unit 1, Facies 2 
volcaniclastic rock containing abundant crystal fragments 
of quartz and feldspar. Width of photo is 2.8 mm. TS 6859.
b. Photomicrograph, in plane polarised light of Unit 1, 
Facies 2 sample containing quartz and feldspar fragments 
and abundant aligned pumiceous fragments (labelled p). 
Width of photo is 6.8 mm. TS 6866.
c. Outcrop appearance of ignimbrite at the base of Facies 2 
in Unit 1. This outcrop occurs at the base of section E in 
Figure 5.7 and contains abundant clasts of quartz 
sandstone. Lens cap is 5 cm across. G.R. Caoura 261468.
d. Outcrop appearance of fine-grained accretionary 
lapilli-bearing volcaniclastic rocks in the north branch of 
Tangerang Creek. This lithology is massive and scattered 
accretionary lapilli are labelled a. G.R. Caoura 267500.
e. Coarse- and fine-grained volcaniclastic beds at the base 
of Unit 1, Facies 3 in the north branch of Tangerang Creek. 
Flattened accretionary lapilli are abundant at the base of 
the block. G.R. Caoura 267500.
f. Photomicrograph in crossed-nicols of whole accretionary 
lapilli in the above bedded volcaniclastic sample. Width of 
photo is 7.3 mm. TS 6868.
g. Diffuse foliation defined by flattened pumice fragments 
in lithic-poor welded Unit 2 in the Big Hill area. G.R. 
Canyonleigh 279757.
h. Well developed flattened pumice foliation near the base 
of Unit 2b lithic-poor volcaniclastics in the south branch 
of Tangerang Creek. G.R. Caoura 263492.

FIGURE 5.9
Measured stratigraphic columns for the Unit 2 sequence in 
the south and north branches of Tangerang Creek. The list 
of numbers on the right side of each column refer to the 
average maximum dimension of the five largest lithic 
fragments found at each locality.
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FIGURE 5.10
Two measured sections of part of the Kerillon Tuff Member 
Unit 2 sequence at Lumley Park. The location of the two 
sections is shown in Figure 5.4; Section B occurs 
stratigraphically above Section A. Measurements listed on 
the left side of each measured section refer to the average 
size of the five largest lithic fragments at each locality.

FIGURE 5.11
a. Lithic-rich Unit 2c sample from the south branch of 
Tangerang Creek. Angular white clasts in this outcrop are 
all dacitic lava fragments. G.R. Caoura 261491.
b. Lithic breccia outcrop in Unit 2c in Tangerang Creek. 
The abundant light coloured mottled clasts are dacitic lava 
fragments and the outcrop also contains rare chert and ashy 
fragments. G.R. Caoura 261491.
c. Closer view of part of the lithic breccia outcrop shown 
above. The large clast in the top right corner (labelled d) 
is an angular fragment of dacitic lava and similar smaller 
clasts are abundant in the breccia matrix. G.R. 
Caoura 261491.
d. Photomicrograph in plane polarised light of dacitic lava 
fragment (labelled D) in a lithic-rich Unit 2c sample. 
Width of photo is 7.3 mm. TS 6879.
e. Photomicrograph in crossed-nicols of lithic-poor Unit 2c 
sample from Tangerang Creek, showing abundant quartz, 
altered feldspar fragments and elongate pumice clasts 
(labelled P), now replaced by chlorite. Width of photo is 
7.3 mm. TS 6880.
f. Photomicrograph in crossed-nicols of quartz (Q) and 
zoned feldspar (F) fragments in a Unit 2c sample from 
Tangerang Creek. Width of photo is 1.1 mm. TS 6886.

FIGURE 5.12
a. Photomicrograph in crossed nicols of lithic-poor welded 
Unit 2c sample, containing crystal fragments of quartz 
(white), altered feldspar (mottled) and chloritised former 
pumice fragments (labelled P) . The matrix in this sample 
retains a faint welded texture despite alteration. Width of 
photo is 6.8 mm. TS 6887.
b. Finely laminated volcaniclastics from the south branch 
of Tangerang Creek containing low angle cross-laminations. 
This exposure is interpreted as a possible ash-cloud surge 
deposit. G.R. Caoura 262492.
c. Outcrop of well bedded, coarse- and fine-grained 
volcaniclastics from the Brisbane Meadows area. Beds in 
this photo are offset along a small fracture. Very small 
accretionary lapilli were observed in the bed below the 
lens cap. G.R. Bungonia 711408.
d. Photomicrograph in crossed-nicols of whole and rind 
fragments of accretionary lapilli in a sample of bedded 
volcaniclastic rocks from the Lumley Park area. Width of 
photo is 7.3 mm. TS 6906.
e. Hand specimen of fine-grained volcaniclastics from a 
10 m thick massive interval at Lumley Park, that contains 




Outline of the southern part of the Tangerang Formation 
between Marulan South and Lumley Park showing the 
distribution of the lower, middle and upper Carne Dacite 
Member and the Kerrawarra Dacite Member. The approximate 
position of the boundary between shallow marine and 




Outline of part of the northern Tangerang Formation showing 
the distribution of the Kerrawarra Dacite Member and the 
upper Carne Dacite Member in the Tarlo River to Big Hill 
district. The type section of the Kerrawarra Dacite Member 
in Wattle Creek is indicated. The geology of this area is 
also shown in Figures 2.3 and 2.4.

FIGURE 6.3
Geological map of the Kerrawarra Dacite Member and upper 
Carne Dacite Member in the area between Marulan Creek and 




a. Crudely developed columnar joints in an otherwise 
massive body of the lower Carne Dacite Member in Bungonia 
Creek. G.R. Bungonia 741444.
b. Widely spaced flow banding in the middle Carne Dacite 
Member; Bungonia Creek in the Brisbane Meadows area. G.R. 
Bungonia 717416.
c . Autobrecciated middle Carne Dacite Member in the 
Brisbane Meadows area. Clasts are only clearly visible on 
weathered surfaces. G.R. Bungonia 712405.
d. Closer view of flow banded and massive clasts within the 
autobrecciated middle Carne Dacite Member outcrop shown in 
Figure 6.4c. Lens cap diameter is 5 cm.
e. Photomicrograph in plane polarised light of finely 
brecciated middle Carne Dacite Member from the Brisbane 
Meadows area. Lighter coloured angular dacite fragments 
occur in a matrix of crushed dacite, shattered quartz and 
chlorite. Photo width is 7.3 mm. TS 6941
f. Angular fragment of fine-grained quartz sandstone in a 
massive outcrop of middle Carne Dacite Member in Bungonia 




Geochemical plots: Carne Dacite Member and Kerrawarra 
Dacite Member.
a. Classification of calc-alkaline volcanic rocks based on 
the scheme of Peccerillo and Taylor (1976) .
b. Classification of volcanic rocks based on the scheme of 
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Modal data for the Carne Dacite Member. On all plots
Group 1 refers to the lower Carne Dacite Member, Group 2 to
the middle and Group 3 to the upper Carne Dacite Member.
a. Modal % quartz phenocrysts versus modal % plagioclase 
phenocrysts.
b. Modal % quartz plus plagioclase phenocrysts versus modal 
% groundmass.
c. Modal % total mafic phases versus modal % groundmass. 
Mafic phases include fresh and relaced phenocrysts and 
mafic aggregates.
d. Total modal % phenocrysts versus modal % groundmass.
e. Histograms of quartz, plagioclase and mafic contents 
(modal %) for the three Carne Dacite Member groups and 
the Kerrawarra Dacite Member, "n" refers to the number 
of samples in each group.
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FIGURE 6.7
a. Photomicrograph in crossed-nicols of an upper Carne 
Dacite Member sample from Kerillon Creek containing large 
euhedral plagioclase in an evenly recrystallised groundmass 
of quartz and feldspar. Width of photo is 2.2 mm. TS 6955.
b. Photomicrograph in crossed-nicols of a sample of middle 
Carne Dacite Member from the Lumley Park area containing 
euhedral plagioclase phenocrysts, minor quartz and mafic 
phenocrysts set in a poorly defined pilotaxitic groundmass. 
Width of photo is 6.9 mm. TS 6947.
c. Faint foliation within the Kerrawarra Dacite Member in 
the north branch of Tangerang Creek that is similar to that 
formed by flattening of pumiceous clasts. Lens cap is 5 cm 
diameter. G.R. Caoura 261500.
d. Diffuse, continuous flow banding in the Kerrawarra 
Dacite Member in the Tarlo River. A feldspathic volcanic 
fragment to the right of the lens cap (5 cm) is not large 
enough to deflect the flow banding. G.R. Hanworth 262815.
e. Block of altered Kerrawarra Dacite Member from Wattle 
Creek (Big Hill district) , showing enhancement of flow 
banding by devitrification and alteration of originally 
glassy groundmass. Coin for scale is 18 mm across. G.R. 
Canyonleigh 272752.
f. Planar flow banding in the Kerrawarra Dacite Member in 
the Tarlo River. G.R. Hanworth 262815.
g. Hand specimen of Kerrawarra Dacite Member from Tangerang 
Creek containing a fine-grained cherty clast, approximately 
5 cm long, that has strongly deflected the flow banding. 
Diameter of coin is 18 mm. G.R. Caoura 261500.

FIGURE 6.8
Series of cartoons depicting the possible development of 
the upper part of the Tangerang Formation in the area 
between Tangerang Creek and Lumley Park, with particular 
emphasis on timing of middle Carne Dacite Member 
occurrences in the Lumley Park and Brisbane Meadows areas.
A. After eruption of KTM Unit 2
erosion & removal of large areas of ignimbrite sheet remnants only 
LUMLEY PARK BRISBANE MEADOWS TANGERANG CREEK
B. up-doming at Lumley Pk rising cryptodome
shedding of tuffaceous sediments tuffaceous ss wedges
C. burial of entire area by quartz sand influxes
underlying quartz ss sequence
D. emplacement of dacitic cryptodome at Brisbane Meadows
up-doming
^  dislodged blocks
E. erosion of top of sequence prior to Barrallier Ignimbrite eruption
o o 
2 o
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Equal area stereoplot of 77 poles to flow banding developed 
in the Kerrawarra Dacite Member in the area between the 




a. Weathered hand .specimen of an autobrecciated phase of 
the Kerrawarra Dacite Member from the Big Hill area. The 
recessive areas are massive to faintly flow banded clasts 
which are set in a matrix of similar material. Coin used as 
scale is 18 mm across. G.R. Chatsbury 743738.
b. Outcrop of autobrecciated Kerrawarra Dacite Member in 
the Tarlo River, containing angular to subangular fragments 
up to 10 cm across. Lens cap is 5 cm diameter. G.R. 
Hanworth 262817.
c. River-washed outcrop of autobrecciated Kerrawarra Dacite 
Member in the Tarlo River, showing large angular fragments 
of massive and, in places, faintly flow banded dacite. G.R. 
Hanworth 264809.
d. Small subangular to subrounded feldspathic volcanic 
clasts in an outcrop of massive Kerrawarra Dacite Member in 
the Tarlo River. G.R. Hanworth 280816.
e. Photomicrograph in plane polarised light of a faint flow 
foliation in the groundmass of an altered sample of 
Kerrawarra Dacite Member from Tangerang Creek. Phenocrysts 
include very altered plagioclase and a small quartz grain. 
Width of photo is 6.9 mm. TS 6974.
f. Photomicrograph in crossed-nicols of a sample of 
Kerrawarra Dacite Member from the Big Hill area showing 
altered plagioclase phenocrysts set in a pilotaxitic 





Modal data for the Kerrawarra Dacite Member. Each plot also
shows the fields occupied by the lower, middle and upper
Carne Dacite Member.
a. Modal % quartz phenocrysts versus modal % plagioclase 
phenocrysts.
b. Modal % quartz plus plagioclase phenocrysts versus modal 
% groundmass.
c. Modal % total mafic phases (as for Figure 6.6c) versus 
modal % groundmass.
d. Modal % total phenocrysts versus modal % groundmass.
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Simplified geological map of the Bindook Volcanic Complex, 
showing units described in Chapter 7 and their geological 
relationship with the Tangerang Formation. This map has 
been compiled at a scale of 1:100000 from mapping reported 
in this thesis, unpublished thesis maps and previously 
published maps. These sources are listed as follows;
1. Papers:










- Scheibner (1973) Taralga 1:100000 Geological Sheet no. 
8829, Geol. Surv. NSW.




Simplified geological map of the Wombeyan volcanics at 
Wombeyan Caves, drawn from an outcrop distribution base map 
of Hansen (1979) . All boundaries shown on this map for the 
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a. Diffusely flow banded top of a mainly massive, 
crystal-poor silicic lava flow at the base of a sequence of 
rhyolitic volcaniclastics in the western part of the Tarlo 
River. Lens cap i s ,5 cm across. G.R. Taralga 731805.
b. Matrix-supported breccia at the base of the rhyolitic 
volcaniclastic sequence in the Tarlo River. Clasts in this 
photo are fossiliferous limestone fragments and they occur 
in a tuffaceous matrix. Elsewhere in this outcrop clasts 
range up to 3 m across. G.R. Taralga 731805.
c. Photomicrograph in plane polarised light of the breccia 
at the base of the rhyolitic volcaniclastic sequence in the 
Tarlo River. The breccia contains quartz and feldspar 
grains and lithic fragments (chert and shale) set in a 
tuffaceous matrix. Width of photo is 7.3 mm. TS 7043.
d. Photomicrograph in plane polarised light of part of a 
former pumice fragment in a sample of shard-rich rhyolitic 
tuff from the Tarlo River. Width of photo is 7.3 mm. 
TS 7044.
e. Outcrop of silicic breccia in the Kowmung 
Volcaniclastics in the Kowmung River. The majority of 
clasts in this photo are fragments of flow banded to 
massive rhyolite. Lens cap is 5 cm across. G.R. Yerranderie 
297249.
f. Outcrop of the boulder conglomerate in the Kowmung 
Volcaniclastics in the Kowmung River. This exposure is 
dominated by rounded quartzite, limestone and chert cobbles 




A simplified version of the geological map of the Kowmung 
Volcaniclastics published in Cas et al. (1981), showing the 
distribution of the major facies.

FIGURE 7.5
a. Outcrop of the lenticle tuff in the Kowmung 
Volcaniclastics in Cobra Creek, showing a lenticular 
foliation defined by elongate chloritised vitriclasts. 
Outcrop height is approximately 4 m. G.R. Gurnang 763208.
b. Well-bedded sheetwash deposits in the Joaramin 
Ignimbrite sequence in the Tarlo River. The sandstones 
consist of coarse-grained detritus identical to that in the 
overlying K-feldspar-bearing ignimbrite. G.R. Hanworth 
267807.
c. Photomicrograph in plane polarised light of densely 
welded texture preserved in a sample of the Joaramin 
Ignimbrite. The large phenocryst in the centre of the photo 
is K-feldspar. Width of photo is 3 mm. TS 7033.
d. Prominent foliation in the Barrallier Ignimbrite defined 
by alignment of flattened pumice clasts. Width of photo is 
approximately 60 cm and pumice fragments in this Tarlo 
River outcrop range up to 40 cm long. G.R. Hanworth 249808.
e. Photomicrograph in plane polarised light of a 
crystal-rich sample of the Barrallier Ignimbrite containing 
plagioclase (labelled p), quartz (q), hornblende (ho) and 
hypersthene (hy). A faintly welded texture is preserved in 
the matrix. Width of photo is 3 mm. TS 7002.
f. Photomicrograph in crossed-nicols of glomeroporphyritic 
aggregate in the Barrallier Ignimbrite, consisting of 
plagioclase, hypersthene, augite and opaque minerals. Width 
of photo is 2.8 mm. TS 7002.
g. Photomicrograph in plane polarised light of densely 
welded texture in the Barrallier Ignimbrite. Width of photo 
is 2.8 mm. TS 7005.

FIGURE 7.6
Geochemical data for the Barrallier Ignimbrite, Joaramin 
Ignimbrite and unnamed dacitic ignimbrites in the Brayton 
and Tarlo River areas.
a. Classification of calc-alkaline volcanic rocks based on 
the scheme of Peccerillo and Taylor (1976).
b. Classification of volcanic rocks based on the scheme of 
the IUGS Subcommission on the Systematics of Igneous 
Rocks (Le Maitre 1984).
F ig . 7 .6 a
Fig. 7.6b
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FIGURE 7.7
Modal data for the Barrallier Ignimbrite, Joaramin 
Ignimbrite and unnamed ignimbrites in the Bray ton and Tarlo 
River areas, highlighting the distinct compositional field 
occupied by each group.
a. Recalculated modal percentages of quartz, total feldspar 
and mafic phenocrysts. The mafic pole includes all 
phenocrysts and replaced laths but excludes 
glomeroporphyritic aggregates.
b. Recalculated modal percentages of quartz, plagioclase 
and K-feldspar phenocrysts.
c. Modal percent quartz phenocrysts versus modal percent 
total mafics, including phenocrysts and 
glomeroporphyritic aggregates.
d. Total crystal content of Joaramin Ignimbrite samples 
plotted against outcrop length between the Tarlo River 
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Proposed palaeogeography of the southern part of the 
Wollondilly Basin during initiation of volcanism and 
deposition of the oldest portions of the shallow marine 
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FIGURE 8.3
Proposed palaeogeography of the southern part of the 
Wollondilly Basin during escalation of volcanic activity 
and emplacement of the shallow marine Devils Pulpit Member 
of the Tangerang Formation.
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FIGURE 8.4
Proposed palaeogeography of the southwestern side of the 
Wollondilly Basin after emergence of the area to form an 
extensive floodplain, subject to influx of large volumes of 
quartz sand shedding from Ordovician rocks exposed on the 
western basin margin.
braided rivers quartz sand covering
FIGURE 8.5
Proposed palaeogeography of the central part of the 
Wollondilly Basin during the eruption of the large-volume 
Kerillon Tuff Member: Unit 2 ignimbrite from a source
caldera located north of Marulan.




Stratigraphic units and relationships within the Bindook 
Volcanic Complex, compiled from previous work and mapping 
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quartzose sediments Bungonia Limestone
TABLE 3.1
Summary of the characteristics of facies delineated within 
the quartz sandstone association.
QUARTZ SANDSTONE ASSOCIATION
SILTSTONE AND FINE GRAINED TO PEBBLY 
SANDSTONE
SILTSTONE - LIMESTONE BROOKLYN CONGLOMERATE MEMBER
DISTRIBUTION SW corner of Tangerang Format ion. 
Oldest facies. >220 m thick.
SE part of Tangerang Formation. 
Dominated by Windollama Limestone 
Member, >283 m thick in S, becomes 
sandier to N and tuffaceous near top.
Lens 1.5 km long, 60 m thick on 
SE margin of Tangerang Formation.
LITHOLOGIES Well sorted fine to medium gr. 
quartz sandstone, poorly sorted coarse 
gr. and pebbly quartz sandstone. 
Interbedded siltstone.
Fossiliferous, dolomitised limestone. 
Siltstone, minor fine gr. quartz 
sandstone.
Poorly to moderately sorted 




Thin beds of siltstone to medium-g 
massive to graded sandstone.
Coarse gr., pebbly sandstone beds 
to 80 cm, massive, reverse graded. 
Bed bases sharp to erosional. 
Marine fossil, 1 outcrop.
Limestone* massive to well bedded. 
Siltstone and sandstone, massive to 
poorly laminated. Sandstone beds graded 
near base of facies, cross-bedded at 
top. Sandstone well sorted. Abundant 
in situ fossils.
Conglomerate and sandstone diffusely 
bedded, cross-bedded, normal grading. 
Rare shallow marine fossils.
PALAEOCURRENTS Absent. Towards SW. Towards NE
INTERPRETATION Proximal turbidite-debris flow 
deposits in moderately shallow water.
Quiet, shallow marine shelf facies, 
dominated by limestone and siltstone 
depos i t ion.
Shallow marine fan delta conglomerate.
QUARTZ SANDSTONE ASSOCIATION
FINE TO COARSE GRAINED SANDSTONE 
LOWER SUBFACIES
FINE TO COARSE GRAINED SANDSTONE 
UPPER SUBFACIES
LAMINATED SHALE
DISTRIBUTION Abovo Devils Pulpit Member in Jacqua 
area. Interfingers with shallow marine 
tuffaceous sandstone, >250 m thick.
Above stratigraphically highest marine 
tuffaceous sandstone with deeply 
erosional contact, >380 m thick.
Thins to N.
Thick shale intervals within upper 
quartz sandstone subfacies.
LITHOLOGIES Fine/medium gr. quartz sandstone. Fine/medium gr. quartz sandstone. 
Medium/coarse gr. quartz sandstone 
intervals. Shale intervals.
Laminated shale, rare coarse gr. 
quartz sandstone.
FACIES Well bedded, planar to wavy, rare Massive-diffusely bedded sandstone. Shales, planar to wavy laminations,
CHARACTERISTICS small scours, cross-beds to 0.5 m 
thick. Well sorted, unfossi1iferous.
Upward fining intervals of sandstone 
to 7 m thick. Shale interclasts, scoured 
bed bases, medium scale cross-beds. 
Variable sorting, moderate to well 
sorted. Unfossiliforous, rare siderite 
nodules.
rare ripple lamination. Rare non-graded 
massive sandstone beds. Unfossiliferous.
PALAEOCURRENTS Towards ENE. Towards SE. Absent.
INTERPRETATION Shallow marine shelf sands. Fluvial, possibly some nearshore 
marine portions.
Lacustrine deposits of shale and 
mass-flow sands.
TABLE 3.2
Summary of the characteristics of facies delineated within 
the tuffaceous sandstone association.
TUFFACEOUS SANDSTONE ASSOCIATION
MASSIVE TO GRADED SANDSTONE WELL BEDDED SANDSTONE LAMINATED ASHY SILTSTONE COARSE GRAINED TO PEBBLY SANDSTONE
DISTRIBUTION Best developed in Marulan Sth 
area,thins S. Occurs at base, 
top and interboddod with well 
bedded facies. Variety of sub­
facies .
Best developed in Marulan Sth 
area, thins S. Probably up to 
400 m thick.
Mainly at top of marine 
tuffaceous sandstone between 
Marulan Sth and Jacqua, up to 
200 m thick. Laminae at top of 
graded beds, discontinuous lens 
in Neringah area up to 80 m thick.
Upper part of Tangerang 
Formation. Associated with 
subaerial pyroclastics rocks 
at Lumley Park.
LITHOLOGIES Poorly to moderately sorted, 
coarse to fine gr. tuffaceous 
sandstone of largely volcanic 
provenence. Minor pebbly 
horizons and ashy laminae.
Moderately well sorted coarse 
to fine- gr. tuffaceous 
sandstone. More quartzose 
than massive beds.
Ashy siltstone, rare shards, 
pumice. Discontinuous sandy 
beds. 1 bed of accretionary 
lapilli, rare volcaniclastic 
units.
Pebbly/coarse gr., poorly sorted 
tuffaceous sandstone grading 
outwards into coarse- to 
medium gr. sandstone. Minor 
discontinuous ash-fall tuff beds.
FACIES Mainly massive beds, up to
CHARACTERISTICS 10 m thick. Graded interval
75 m thick at base of sequence. 
Thin graded beds < 2 m thick. 
Hare diffuse bedding, sharp 
bed bases, one locality of 
HCS, upper parts of some beds 
reworked, may bo cross-bedded. 
Rare scattered fossil fragments, 
randomly oriented clasts.
Well bedded 0.5-10 cm, cross­
beds 10 cm-1 m thick in intervals 
up to 15 m thick. Diffuse 
bedding laminations, sharp bed 
bases and tops, minor scours 
and broad channel forms, 
microfaults, convolute bedding 
and slump folds. Very rare 
shale laminae. Scattered 
fossil fragments.
Fine laminae, planar to wavy, 
continuous to lensoidal.
Vary from 0.2-1 cm thick beds. 
Some beds graded, interbedded 
crystal-rich and poor beds, 
each well sorted, minor 
cross-lamination, small-scale 
scours. Rare load structures, 
convolute beds, burrows in one 
outcrop. Minor fossil fragments 
at Jacqua.
Pebbly sandstone beds at least 
1 m thick within thinly bedded 
coarse/medium gr. sandstone.
Diffuse bedding laminations, 
some aligned pebbles, cross-beds 
in pebbly and medium gr. sand­
stone to >1 m. Low angle scour 
surfaces, lensoidal beds, abundant, 
locally derived dacite, ash-fall 
tuff and quartz sandstone fragments. 
Lacks fossil fragments.
PALAEOCURRENTS Absent, except for cross-beds Dominant towards N to NE, At Jacqua towards SSW, at
locally formed by traction weaker to S. Neringah towards ESE.
currents.
Widely scattered, no dominant 
trends.
INTERPRETATION Mass-flow deposits on shallow 
marine shelf. Minor reworking 
by traction currents, minor 
storm deposited sands.
Shallow marine shelf sands 
reworked by tide-generated 
currents.
Water-lain ash-fall tuff, 
slightly reworked in shallow- 
marine/lacustrine environment.
Alluvial fan to sheetwash 
fluvial deposits derived from 
pyroclastic sequence.
TABLE 4.1
Summary of the major characteristics of units and 
undifferentiated parts of the Devils Pulpit Member.
U T S T I T  1 U N I T  2 m s r i T  3
LITHOLOGIES bimodal tuffaceous sandstone; 





coarse-, crystal-rich grading 
to fine-grained, crystal-poor 
volcanic sandstone.
THICKNESS up to 22 m up to 18 m up to 52 ra
CHARACTER massive, poorly sorted, 
non-graded;
sharp to gradational base.
massive, poorly sorted; 
non-graded;
sharp bed bases and tops.
mainly massive; 
single graded unit; 
lower part poorly sorted; 
sharp planar base.
COMPONENTS angular quartz, feldspar crystals 
to 4 mm, pyroclastic crystal 
fragments >25% of rock; 
angular lithic fragments to 13 cm; 
fine-grained sandy matrix; 
scattered fossil fragments; 
rare relict shards; 
no large pumice clasts.
angular quartz, feldspar to 
3.5 mm, up to 15% of rock; 
angular-subrounded lithics to 
30 cm, up to 15% of rock; 
aligned vitriclasts to 80 cm - some 
reverse grading of vitriclasts; 
rare unabraded fossil fragments; 
abundant relict shards, pumice.
angular quartz, feldspar to 4 ram, 
up to 45% in coarse-grained rocks; 
angular-subrounded lithics to 5 cm; 
lithics < 10% of rock; 
no large pumice or vitriclasts; 
minor fossil debris; 
relict shards, pumice shreds; 
abundant shards in fine-grained top.
FACIES
CHANGES
none vertically above 
gradational base;
lithics, sandy matrix fine to Nth.
volcanic breccia overlain by 
crystal-rich volcanic sandstone; 
no lateral changes.
grades from crystal-rich to poor; 
grainsize decreases vertically; 
no lateral changes.
ORIGIN grain-dominant debris flow of 
mixed pyroclastic and epiclastic 
material.
debris flow of unsorted 
pyroclastic detritus. high particle concentration mass flow and thick ash fall-out.
U N I T  4 S O U T H E R N  D P M
L I T H O L O G I E S volcanic breccia; bimodal 
sandstone; coarse-, crystal-rich 






T H I C K N E S S up to 54 m entire sequence up to 170 m
C H A R A C T E R massive to foliated; 
minor bedding near top; 
lower part poorly sorted.
mostly massive, thick graded 
units, poor-moderate sorting; 
more reworked than northern 
Devils Pulpit Member.
C O M P O N E N T S angular quartz, feldspar to 3.5 mm, 
up to 20% in breccia, >40% 
crystals in volcanic sandstone; 
angular-Subrounded lithics to 26 cm; 
vitriclasts to 45 cm - some 
reverse grading; 
fossil fragments in breccia; 
abundant relict shards; 
small pumice shreds.
angular-subang quartz, feldspar 
to 4 mm, up to 80% of rock; 
scarce subangular lithic 
fragments >5 cm; 
common aligned pumiceous 
vitriclasts up to 12 cm long; 
widespread fossil debris; 
moderate relict shard content.
F A C I E S
C H A N G E S
both major units normally 
graded;
lithics fine to north.
poor exposure prevents detailed 
documentation;
coarsest at base - graded units.
O R I G I N debris of pyroclastic material; 
high particle concentration 





Main characteristics of Unit 2 of the Kerillon Tuff Member 
in the Big Hill, Tangerang Creek, Brisbane Meadows and 
Lumley Park areas.
BIG irru. TANGEHANG CK. BRISBANE MEADOWS UJMLEY PARK
'lllleklK'.'i.'t up to 2000 m up to 395m blocks up to 80 x 40m up to 620m, including tuffac. ss.





wry minor, thin ash-fall tuffs <1 m.
outflow ignimbrite flow units: 2 
to 50m thick, lithic-rich and 
llthic-poor; several lithic 
breccia horizons up to 15m thick; 
ash-fall tuffs, minor surge 
deposits.
lithic-rich and lithic-poor 
ignimbrite; single lithic 
breccia horizon; bedded fine­
grained and coarse-grained thin 
ash-fall tuff.
outflow ignimbrite flew units up to 
40 m thick, generally lithic-poor; 
bedded and massive intervals of 




mostly massive, welded poorly defined 
very thick flew units; minor zones of 
pumice concentration and layer 2b (L); 
very thin, co-ignimbrite ash-fall; 
scattered accretionary lapilli.
coarse-tail and density graded 
ignimbrite flow units, partly 
welded; well defined layer 2b(L) 
and pumice-rich tops; thin fine­
grained ash-fall tuff; scattered 
accretionary lapilli.
flew unit stratigraphy seen in sore 
blocks; normally graded lithic 
fragments; welding obscured by 
alteration; minor pumice 
concentration zones; accretionary 
lapilli in sane ash-fall tuff.
coarse-tail and density graded flow 
units, welding poorly defined; 
mostly massive: rare pumice 
foliation; thin fine-grained 
ash fall intervals; thick 
accretlonary lapilli-bearing, 
massive, ash-fall tuff.
I.iChic Content up to 18 cm locally, mostly between 
3 cm and 10 cm;
overall very sparse distribution; 
dacitic lava, ash-fall tuff clasts 
are most catmon types; 
negligible basement clasts.
up to 40 cm, mostly <10 cm; up to 
of rock in lithic breccia,
20% at flow bases and <5% at flow 
tops; abundant dacitic clasts in 
unit 2c; minor sedimentary 
clasts in unit 2a.
several clasts to 30 cm, mostly 30% 
<10an; 30% of lithic breccia,
15% at flew bases and <5% at flow 
tops; abundant dacite, fine-g 
volcanic clasts.
up to 10 cm, mostly <3-5 am; up to 10% 
of the rock, mostly <2-5%; abundant 
dacitic clasts, fewer fine-grained 
volcanic clasts; basement clasts 
in reworked ignimbrite.
Crystal Content 24-42% 18 (lithic-rich) - 49% (lithic-poor) 33-38% 24-40%
Pumice Content scattered horizons of concentrated 
pumice lapilli at top of flow units, 
up to 20cm long.
concentrations of pumice lapilli, 
well defined at flow unit tops.
sparse pumice lapilli: seme 
concentration at flew unit tops.




negligible: one possible lahar deposit. minor sheetwash deposits. minor coarse-grained sheetwash 
deposits between ignimbrite 
flew units.
bedded and massive medium-grained 
to pebbly sandstone within sequence: 
high energy fluvial deposits which 
become thicker up sequence.
TABLE 5.2
Characteristics of silicic volcanic successions in areas 
proximal and distal to source vent.
References used in compiling this table are listed as 
follows:
1. General literature: Baker (1981); Cas and Wright (1987); 
Fisher and Schmincke (1984); Hildreth and Mahood (1985); 
Sheridan (1979); Vessel and Davies (1981); Wright et al. 
(1980) .
2. Japan: Aramaki (1984).
3. United States: Druitt and Bacon (1986); Heiken et
al. (1986); Hildreth and Mahood (1986); Lipman (1989) ; Self 
et al. (1986).
4. Mexico: Mahood (1980); Walker et al. (1981).
5.South America: Francis et al. (1983); Gardeweg and 
Ramirez (1987): Hildreth et al. (1984); Sparks et al.
(1985) .
6. Australia: McPhie (1983, 1984, 1986); Orth et 
al. (1989).
7. New Zealand: Wilson and Walker (1985).
PROXIMAL - VQyrr FACIES DISTAL - RING PLAIN FACIES
Thickness hundreds of metres to >2 km; camonly order of magnitude 
till eke r than related outflow sequence.
tens to hundreds of metres.
Structural
l-hutune:;
complex stratigraphic and structural relationships; 
numerous faults; downsags producing calderas; dykes; 
cross-cutting intrusions.
relatively simple, sheet-like geometry;
mantles pre-existing topography with local valley-filling.
Facies
Developed
thick ignimbrites, may lx? ponded in caldera;
thick lava flows or intrusive denes;
co-ignimbrite lag breccia horizons;
possible caldera collapse breccias;
plinian airfall deposits;
rare, fine-g, co-ignimbrite ash;
caldera lake sediments + phreatcmagmatic deposits.
thin ignimbrite outflow sheets;
interbedded with fine-g co-ignimbrite fall deposits; 
possible ash cloud and ground surge deposits; 
reworked lithologies may be volumetrically dominant; 
breccias, coarse-grained facies restricted to medial areas.
Facies
Character
ignimbrites camonly densely welded, poorly defined flow 
units — > thick single cooling unit; 
layers 2c and 3 poorly developed or absent; 
strong devitrification effects may obscure pumice, welding; 
large lithic fragments of vent lithologies, dependant on 
timing of caldera collapse;
intracaldera ignimbrite may be more crystal-rich than outflow 
sheet;
may display ignimbrite veneer facies near caldera rim; 
ignimbrites may be confined by topography.
ignimbrites vary from welded to non-welded in modem examples although many 
oldsr sequences preferentially record more resistant welded deposits; 
well defined flew units - including layers 2a, 2b(L), pumice-rich tops, 
co-ignimbrite ash-fall important; units less influenced by topography; 
decrease in flow unit thickness, maximum size and abundance of lithic 
fragments and pumice lapilli away from source, except for localised 
incorporation of lithic clasts; sorting and grading improve with distance; 
chemically, mineralogically similar to proximal area but seme outflow 
ignimbrites are depleted in crystals;





intracaldera settings may include lacustrine or evaporitic 
deposits;
mass-flow, lahar deposits important during caldera collapse 
or draining flanks of volcanoes;
sedimentary facies typically lensoidal, rapid facies changes.
larger variety of sedimentary facies dependant on source environment, 
topography and climate;
lacustrine and coarse-grained, high energy fluvial deposits common on ring
plain and outwash areas, channels cut into porous deposit;
volume depends on time lag between eruption and erosive forces at source.
Other
Features
hydrothermal alteration common, possibly mineralisation
associated with resurgent dame;
plutons may be exposed in dissected calderas;
pyroclastic deposits may fill older caldera structures.
thin pyroclastic deposits from multiple source may be interbedded in distal 
areas.
TABLE 6.1
Major element analyses for the Carne Dacite Member and 
Kerrawarra Dacite Member. Analyst: B. W. Chappell, 
Australian National University.
CARNE DACTTE MEMBER KERRAWARRA DACITE MEMBER
I.OWER MIDDLE UPPER
Big H. Tang-Jerrara Big Hill Brayton Tang CkMarul S-■Bung Ck Brisb. Mead. Lumley Pk.
C No. 6925 6931 6934 6940 6947 6943 6951 6953 6955 6977 6964 6969 6974
F No. TO 11 TD13 TD37 TD41 TJ33 TJ8 M666 TA17 TE7 CR26 M464 C132 TB11
Si02 65.35 64.96 68.24 69.26 64.46 64.80 64.02 68.25 66.22 62.90 64.01 69.23 66.90
tìo2 0.58 0.60 0.57 0.55 0.73 0.66 0.66 0.48 0.56 0.67 0.67 0.64 0.61
fil2°3 14.80 14.75 13.91 13.69 16.04 15.07 14.72 14.79 14.89 14.63 14.80 14.55 14.64
*Fe2°3 5.47 5.83 5.05 4.58 3.20 6.00 5.36 3.91 4.69 6.13 5.76 4.39 5.75
MnO 0.09 0.09 0.09 0.07 0.06 0.04 0.10 0.08 0.07 0.08 0.10 0.08 0.06
MgO 2.38 2.71 2.27 2.18 3.21 2.01 1.88 1.46 1.84 3.03 2.13 1.16 1.62
CaO 5.04 5.42 4.37 3.24 8.33 6.83 4.76 3.65 4.02 2.88 5.21 1.84 4.64
Na20 2.44 2.25 1.84 1.88 3.14 3.27 2.17 2.54 2.60 4.53 2.09 4.92 2.25
k2° 2.46 2.37 2.68 3.06 0.33 0.40 2.96 3.54 2.94 1.48 2.80 1.88 2.29
P2°5 0.10 0.11 0.10 0.09 0.12 0.11 0.14 0.10 0.12 0.15 0.16 0.14 0.12
s 0.02 0.02 0.01 0.01 0.02 0.00 0.02 0.14 0.01 0.02 0.03 0.04 0.00
Total 98.71 99.11 99.13 98.60 99.65 99.21 96.79 98.94 97.97 96.51 97.76 98.87 98.89
♦Total Fe as Fe^O^ C No. - Collection number
F No. = Field number
TABLE 6.2
Major characteristics of extensive silicic lava flows 
summarised from a review of the recent literature. 
References used in preparation of Tables 6.2 and 6.3 are 
listed as follows:
1. Trans Pecos, Texas: Henry et al. (1988); Henry et al. 
(1989); Wolff (1989).
2. Yellowstone: Christiansen and Hildreth (1989).
3. Gribbles Run, Colarado: Chapin and Lovell (1979).
4. Snake River Plain, Idaho: Bonnichsen and Kauffman 
(1987) .
5. Baja California: Hausback (1987).
6. Gran Canaria: Schmincke and Swanson (1967); Wolff and 
Wright (1981).
7. Southern Africa: Twist and French (1983); Twist and 
Elston (1989); Twist et al. (1989).





Extent: many between 15 and 40 km, some to >70 km long; 3.
Thickness: many between 200 to >300 km thick;
Volume: most between 50 km3 and 200 km3;
Aspect ratio: similar to high aspect ratio ignimbrite 
i.e. 1:000 to 1:700.
Chemical relatively homogeneous throughout flow, lacks 
compositional zoning;
often alkaline compositions, anhydrous, high 
temperature melts.
- sheet like geometry, steep margins, very thick lobate 
scarps;
- massive to flow banded, often parallel near base;
- abundant flow folds, more contorted in upper part of 
flow;
- enveloped by flow breccias which are preserved at top 
and base of flow;
- ramp structures;
- basal and upper vitrophyres;
- may be columnar jointed;
- elongate vesicles;
- pumice may occur to produce an apparent fiamne 
foliation;
- lithic fragments very minor and should be evenly 
distributed rather than concentrated;
- paucity of associated fragmental rock such as ash-fall 
tuffs.
C. MOST USEFUL 
DIAGNOSTIC 
CRITERIA
- presence of basal breccias which thicken in 
topographic lows and thin over highs;
- clasts consist of all lithologies in flow e.g. 
massive, foliated and vesicular facies;
- vertical flow banding in upper part of flow;
- slightly higher aspect ratio and less extensive than 
ignimbrites in some volcanic field.
D. EXAMPLES Trans Pecos, Texas: Mid Tertiary Bracks Rhyolite and 
Star Mountain Formation;
Yellowstone: Quaternary rhyolites in and around 
Yellowstone caldera;
Snake R. Plain, Idaho: Miocene rhyolites in 
Bruneau-Jarbidge and Jack Creek areas;
Baja California: Miocene Providencia rhyodacite.
- mainly euhedral, unbroken phenocrysts but more broken 
phenocrysts in distal areas;
- small range in size of phenocrysts;
- relatively homogenous texture;
- shards and pumice rare but can occur from breakdown of 
pumiceous carapace of lava flow;
- groundmass may display trachytic texture.
TABLE 6.3
Major features of rheoignimbrites and lava-like tuffs 
summarised from a review of the recent literature.





- Extent: up to 80 km in Trans Pecos, 140 km in Well Mtn 
tuff;
- Thickness: up to 130 m thick (Trans Pecos), composite 
thickness of 500 m Gran Canaria, Rooiberg Felsite 
consists of several rhyolite intervals 1 km thick;
- Volume: Rheoigs are 250-300 km^ in Trans Pecos, 
lava-like tuffs are smaller. Rooiberg Felsite is
300,000 km^, Gran Canaria tuffs are 100 km^;




- sheet-like geometry in rheoignimbrite, lava-like tuff;
- massive to flow banded and flow folded in both types;
- breccias common at top of units where they may be very 
thick and partly vesicular in rheoignimbrite, C. 
lava-like tuff;
- basal breccias not known in definite rheoignimbrites;
- breccias may occur at base of lava-like tuff, but 
display no topographic control;
- vitrophyres in upper parts, elongate vesicles, ramp 
structures may occur in rheoignimbrites and lava-like 
tuffs;
- columnar joints;
- rheoignimbrites may have thin non-wolded base;
- upward increase in degree of rheomorphism into 
contorted or brecciated zones;
- some pyroclastic features may be preserved in 
rheoignimbrites, probably near base e.g. shards, 
pumice, lithic concentration zones, gas segregation 
pipes;
- lithic content in rheoignimbrites and lava-like tuffs D.
depends on eruption style (amount of vent erosion) and 
digestion of lithics during agglutination or 
rheomorphism.
AND LAVA-•LIKE TUFFS
Petrographic - variable phenocryst shapes dependant on eruption 
style;
- may be very low percentage of broken phenocrysts in 
lava-like tuffs;
- some evidence of shards, stretched pumice should be 
retained in rheoignimbrites but may be totally 
obscured in lava-like tuffs;
- if fragmentation of phenocrysts observed in either 
type, should result in wider range of grainsize.
Chemical - if compositional zoning present in original magma, 
should still be preserved in resultant deposits;
- many alkaline in composition, mostly anhydrous, high 
temperature.
MOST USEFUL - most rheoignimbrites distinguished by sporadic
DIAGNOSTIC preservation of original pyroclastic textures,
CRITERIA especially at base of flow, e.g. shards, gas escape 
pipes, broken phenocrysts;
- more enigmatic units e.g. lava-like tuffs may rely on 
distinction and character of a basal breccia. This 
breccia will not be affected by underlying topography, 
as distinct from a lava-flow crumble breccia which is;
- basal breccia should be composed of clasts of base of 
unit only, and not include those spalled off margins 
as in a lava flow. Some evidence of pyroclastic 
features may be preserved in clasts;
- presence of compositional zoning and slightly lower 
aspect ratios than lavas in same field;
- gas escape structures in rheoignimbrites.
EXAMPLES - Trans Peros, Texas: Mid Tert Gomez Tuff, Barrel 
Spring Fm. are rheoignimbrites; Sleeping Lion Fm. is a 
lava-like tuff;
- Gran Canaria: Late Tert. peralkaline rheoignimbrite;
- Gribbles Run, Colorado: Mid Tert. Well. Mountain Tuff;
- South Africa: Mesozoic Lebombo Rhyolites, PreCamb 
Rooiberg Felsite may be lava-like tuff.
TABLE 6.4
Major characteristics of the Kerrawarra Dacite Member in 
the area between the Tarlo River and Tangerang Creek.
THE KERRAWARRA DACITE MEMBER
A. DIMENSIONS - Extent: crops out over at least 35 km, 
northern and southern limits covered;
- Thickness: probably as thick as 500-750m; multiple 
flow units;
- Volume: cannot be calculated because original area 
unknown but probably comparable with both extensive 
lavas and rheomorphic tuffs.
B. CHARACTER
1. Outcrop - mainly massive to variably flow banded;
- flow banding varies from diffuse and widely spaced to 
well developed bands <1 cm apart. Planar in outcrop 
but generally very variable in orientation on a 
regional scale;
- very minor development of broad flow folds and wavy 
flow bands;
- homogeneous rock throughout outcrop length;
- minor development of streaky, pumice-like foliation, 
mainly near base;
- autobrecciated dacite locally conspicuous, appears to 
be discontinuous in extent and its relationship to 
internal stratigraphy is unknown;
- lithic fragments are very minor, typically <4 cm 
across and consist of feldspar-rich volcanic clasts;
- intervals of fluvio-lacustrine shale and feldspathic 
sandstone within dacite sequence at Big Hill, indicate 
significant interval of reworking.
2. Petrographic mainly anhydrous phenocryst assemblage of plagioclase,
altered pyroxenes, minor quartz and iron oxides;
mainly euhedral, unbroken phenocrysts;
faint flow foliation evident in groundmass, elsewhere
is recrystallised or pilotaxitic;
relict glass shards not distinguished;
spherulites identified in one sample.
3. Chemical dacitic, calc-alkaline composition
TABLE 7.1
Major element analyses for the Joaramin Ignimbrite, unnamed 
dacitic ignimbrites in the Tarlo River and Brayton areas 
and the Barrallier Ignimbrite. Analyst: B. W. Chappell, 
Australian National University.
BARRALLIER IGNIMBRITE
Big Hill Brayton Marul S-Bung
Coll No 6978 6983 6984 6991 6992 7003 7012
Field No MHO M97 M378 BR2 1124 TE6 TD44
CO b NJ 67.14 69.06 65.84 64.46 63.97 66.10 64.48
TiO? 0.56 0.50 0.57 0.68 0.64 0.53 0.68
A12°3 15.16 14.95 15.36 15.44 14.82 15.24 15.32
* Fe2°3 4.63 4.07 4.91 5.83 5.45 4.38 6.07
MnO 0.08 0.06 0.08 0.10 0.07 0.07 0.10
MgO 1.74 1.39 2.02 2.32 2.51 1.91 2.35
CaO 4.65 3.87 4.73 4.41 3.81 3.70 5.27
Na2° 2.59 2.70 2.15 2.85 2.59 2.91 2.27
K2° 3.15 3.61 3.41 2.75 2.86 3.14 2.76
P2°5 0.12 0.10 0.12 0.14 0.13 0.11 0.14
s 0.05 0.02 0.06 0.03 0.01 0.05 0.04
Total 99.86 100.33 99.24 99.01 96.87 98.14 99.48
JOARAMIN IGNIMBRITE UNNAMED DACITES
Big Hill Brayton Jerrara Big Hill Brayt.
Coll No 7019 7020 7032 7028 7030 7039 7040 7037
Field No M676 M66 BR8 1427 T105 M677 M648 C165
Si02 73.50 72.60 75.16 75.16 74.76 68.42 67.82 67.86
Ti02 0.19 0.22 0.10 0.11 0.10 0.46 0.46 0.45
fil2°3 14.07 13.77 13.41 13.47 13.45 15.42 15.78 14.43
*Fe2°3 1.90 2.22 1.36 1.34 1.78 3.60 3.01 3.77
MnO 0.04 0.04 0.06 0.03 0.08 0.17 0.07 0.07
MgO 0.52 0.67 0.23 0.28 0.20 0.97 0.72 2.10
CaO 2.23 2.23 1.37 1.29 0.91 1.87 3.67 1.97
Na90 3.24 3.18 3.25 3.34 3.12 3.39 3.27 3.77
K ° 3.78 3.91 4.41 4.56 4.90 3.52 3.30 4.04
0.04 0.05 0.01 0.02 0.01 0.08 0.09 0.11
S 0.01 0.01 0.00 0.02 0.01 0.01 0.00 0.02
Total 99.51 98.90 99.35 99.62 99.34 97.91 98.19 98.60
* Total Fe as FenC>3
APPENDICES
APPENDIX 1
Palaeocurrent data for the sedimentary facies in 
Tangerang Formation.
the
PROGRAMME TO CORRECT CROSS-BED MEASUREMENT FOR TECTONIC TILT
TANGERANO FORMATION, BUNGONIA AREA - JAN 190? - C.J.SIMPSON
LOCATION STRATIGRAPHIC BEDDING BEDDING X-BED X-BEDDING RESULTANT RESULTANT THICKNESSINTERVAL DIRECTION DIP DIP TRENO DIP X-BED TREND X-BED DIP
TM Q. 303. 26. 282. 47. 263.45 23.70 0.00310. 24. 274. 34. 231.45 22.47 0.00
PLOT J TH 8. 277. 33. 259. 45. 224.54 16.43 15.00268. 35. 294 . 35. 6.06 15.35 15.00TH 1 . 232. 42. 231 . 33. 56.22 9.13 0.00232. 42. -*29. 31 . 60.41 11.05 0.00TL 6. 304. 10. 322. 5. 107.31 5.20 0.00329. 11 . 357. 10. 82.60 5.12 0.00
PLOT K
TR 90. 333. 75. 341 . 73. 82.72 8.19 30.00TJ 58. 307. 33. 351 . 27. 69.81 22.02 20.00TI 21 . 288. 42. 311 . 38. 39.18 14.81 0.00288. 42. 311 . 35. 50.81 15.38 0.00294. 40. 309. 30. 77.30 12.49 0.00
TR 74. 251 . 63. 231 . 67. 169.49 18.20 0.00249. 75. 218. 79. 163.40 30.21 0.00240. 72. 197. 71 . 140.59 40.65 0.00
PLOT L 239. 73. 207. 70. 153.32 31 .59 0.00230. 82. 209. 81 . 136.0? 21.29 0.00TJ 56. 229. 75. 222. 75. 136.09 6.54 50.00240. 74. 225. 74. 148.49 14.96 0.00234. 60. 226. 60. 143.73 • 7.97 0.00TO 26. 265. 56. 256. 57. ' 184.63 7.37 10.00279. 61 . 305. 58. 20.99 23.21 10.00TO 24. 287. 63. 266. 65. 197.64 19.12 0.00TO 34 . 200. 50. 298. 62. 359.28 15.92 100.00297. 54. 263. 41 . 167.44 28.23 20.00TO 15. 202. 77. 293. 74. 28.38 10.82 20.00TO 14 . 278. 64. 285. 63. 20.71 6.34 10.00282. 70. 291 . 73. 45.37 10.57 4.00282. 70. 209. 72. 55.58 9.27 4.00
TO 7. 253. 28. 21 1 . 28. 145.15 19.45 0.00251 . 63. 260. 58. 19.46 9.37 0.00
10 0. 277. 71 . 260. 44 . 120.81 30.14 0.00277. 71 . 270. 64. 136.36 9.24 0.00277. 71 . 248. 82. 204.63 29.55 0.00
PLOT A
277. 71 . 265. 63. 147.94 13.58 0.00
10 8 . 239. 40. 210. 1 :. 68.78 30.53 0.00
10 18. 248. 40 . 252. 52. 263.29 12.00 0.00248. 40. 256. 54 . 272.37 15.14 0.00
TO 39. 285. 54 . 264. 51 . 177.77 17.48 0.00TF 11 . 290. 58. 315. 61 . 21 .31 14.52 0.00
TR 53. 282. 56. 320. 50. 35.39 37.05 25.00
TF 2. 272. 29. 317. 32. 14.50 21 .94 0.00269. 25. 301 . 20. 35.74 13.03 0.00304. 52. 281 . 50. 199.23 18.17 0.00
TF 4 .■ 309. 37. 337. 29. 77.17 16.89 0.00TR 98 . 297. 42. 312 . 38 . 55.64 10.25 15.00294 . 46. 309. 44 . 40.53 10.71 30.00
TD 6 . 302. 29. 305 . 24 . 111.15 5.67 0.00TR 34 . 270. 42. 304 . 34 . 32.76 22.20 0.00
TR 35 . 270. 26. 208. 36 . 319.5? 14.09 0.00307 . 42 . 334 . 30 . 84 .61 19.29 0.00
------I T ----------------- S7--------- 1 0 3 . — t t .— -------T T . -------- — v r .— -------- 0 3 7 0 0 --------- --------0 7 5 1 --------------<5753-------
1 0 9  . 6 9 . 9 0 . 6 4  . 3 5 8 . 1 5 1 8 . 3 6 0 . 0 0
1 1 7 . 6 9  . 1 0 5 . 6 3 . 3 5 4 . 9 5 1 2 . 2 5 0  .0 0
P L O T  B 1 0 3 . 6 3 . 1 0 0 . 5 8 . 3 2 4 . 7 2
6 . 5 1 0 . 0 0
1 01  . 8 7 . 7 7 . 7 4  . 3 3 9 . 0 8 2 6 . 2 8 0 . 0 0
TD 9 . 1 0 7 . 8 9 . 9 3 . 81 . 3 4 3 . 6 6 1 5 . 1 3 2 3 . 0 0
1 0 3 . 81 . 6 4  . 7 0 . 3 3 4  . 5 0 41 . 0 6 3 0 . 0 0
9 9  . 8 3 . 91 . 7 3 . 3 1 2 . 3 8 1 4 . 0 0 1 5 . 0 0
T R 9 7 . 3 4 3 . 2 4 . 3 1 7 . 2 3 . 2 4 7 . 0 2 1 1 . 5 9 0 . 0 0
TR 9 6  . 2 7 2 . 41 . 2 9 0 . 2 9 . 5 9 . 1 1 1 6 . 0 2 2 0 . 0 0
T R 37  . 2 6 6 . 41 . 2 8 0 . 3 8 . 2 3 . 3 0 9 . 1 3 3 0 . 0 0
TR 9 1 . 2 0 9 . 3 5 . 3 1 9 . 2 9 . 5 0 . 9 0 1 7 . 8 4 0 . 0 0
2 0 9  . 3 5 . 3 2 8 . 2 7 . 5 5 . 1 2 21 . 8 8 0 . 0 0
2 7 9 . 31 . 3 1 7 . 2 6 . 3 8 . 0 9 1 8 . 6 0 0 . 0 0
T R 9 2 . 2 9 7 . 3 6 . 2 3 6 . 3 9 . 1 9 4 . 1 9 1 8 . 4 4 0 . 0 0
2 9 7 . 3 6 . 2 3 8 . 41 . 2 0 0 . 7 9 1 8 . 1 3 0 . 0 0
2 8 7 . 3 6 . 2 6 6 . 3 6 . 1 9 0 . 1 8 11 .9 1 0 . 0 0
TR . 29  S . 3 9 . 2 6 7 . 4 0 . 1 9 4 . 1 2 1 1 . 9 5
2 0 . 0 0
2 6 3 . 3 0 . 3 0 6 . 2 2 . 3 5 . 0 1 1 9 . 4 2 0 . 0 0
2 6 5 . 3 0 . 3 0 3 . 2 4 . 3 0 . 8 0 1 8 . 2 6 0 . 0 0
P L O T  A
TR 9 4  .
2 6 5 .
2 8 8 .
3 0 .
3 3 .
3 0 9 .
3 1 8 .
21 .
2 6 .
3 8 . 8 8
5 5 . 6 5
2 0 . 3 6
1 6 . 4 2
0 . 0 0
1 5 . 0 0
2 7 2 . 1 3 . 3 1 2 . 9 . 4 8 . 2 7 8 . 2 1 0 . 0 0
TD 24  . 1 5 0 . 2 2 . 1 2 2 . 2 3 . 6 0 . 3 3 1 1 . 6 1
0 . 0 0
1 2 3 . 3 8 . 1 1 1 . 4 3 . 61 . 9 6 9 . 2 6 0 . 0 0
1 1 9 . 2 9 . 101 . 3 5 . 5 3 . 6 8 1 1 . 1 1 0 . 0 0
TD 2 3 . 2 9 2 . 21 . 3 3 0 . 2 6 . 21 . 2 6 1 5 . 8 0
5 0 . 0 0
3 1 7 . 2 2 . 3 3 5 . 24  . 4 3 . 2 6 7 . 4 1 0 . 0 0
2 9 6 . 3 4 . 3 1 1  . 3 5 . 2 4 . 4 5 8 . 3 4 0 . 0 0
3 0 3 . 4 8 . 3 0 0 . 5 4 . 2 7 9 . 1 5 6 . 0 1 0 . 0 0
T R 9 3 . 2 9 3 . 3 7 . 3 2 6 . 3 4  . 4 9 . 2 9 1 7 . 9 7
1 0 . 0 0
2 9 3 . 3 7 . 3 3 5 . 31 . 5 7 . 3 9 2 2 . 8 4 0 . 0 0
2 9 3 . 3 7 . 2 3 8 . 41 . 1 9 8 . 2 2 2 3 . 3 3 0 . 0 0
2 9 6 . 3 3 . 3 1 0 . 2 6 . 7 6 . 6 2 1 0 . 0 1 0 . 0 0
T R 31 . 2 1 7 . 1 7 . 2 4 4  . 3 3 . 2 6 2 . 2 7
2 1 . 1 4 0 . 0 0
TR 71 . 2 7 3  . 6 4  . 2 8 7 . 5 7 .
3 4 . 4 6 1 3 . 8 2 1 5 . 0 0
T R 7 3 . 2 7 9 . 3 2 . 2 9 3 . 3 0 . 7 8 . 4 7
2 4 . 6 8 2 0 . 0 0
P L O T  C TR 9 0 . 2 8 8 .  
2 9 0  .
5 3 .
3 6 .
3 2 3 .
3 0 2 .
4 6 .  
3 4  .
4 3 . 6 2  
3 4  . 2 3
2 6 . 9 0
1 0 . 2 8
1 0 . 0 0
0 . 0 0
2 5 9 . 6 0 . 2 9 4  . 4 8 . 2 2 . 2 2 3 0 . 6 9 0 . 0 0
m 7 4 9 . 6 6 . 2 6 1  ._____ 64  . 3 5 2 . 6 1 ______ 1 0 . 5 9 ____ 2 0 . 0 0
T I 6 . 2 9 3 . 3 6 . 2 8 6 . 4 9 .
2 7 0 . 6 7 1 4 . 3 4 5 0 . 0 0
2 9 7  . 3 8 . 2 8 1  . 5 4 . 2 5 5 . 6 3 1 9 . 3 4 0  . 0 0
2 9 4  . 4 0 . 3 2 0 . 4 3 . 21 . 8 4 1 7 . 5 9 2 0 . 0 0
2 9 3 . 3 6 . 2 8 6 . 4 9 . 2 7 0 . 6 7 1 4 . 3 4 5 0 . 0 0
P L O T  D
2 9 7 . 3 8 . 2 8 1  . 5 4 . 2 5 5 . 6 3 1 9 . 3 4 5 0 . 0 0
2 9 1  . 3 4  . 2 8 4  . 4 3 . 2 6 3 . 1 9 1 0 . 4 1 0 . 0 0
2 9 5 . 3 8 . 2 8 2 . 2 9 . 1 4 6 . 7 3 11 . 7 8 0 . 0 0
2 9 2 . 41 . 3 0 8 . 4 7 . 0 . 8 1 1 2 . 6 3 0 . 0 0
7 . 2 9 0 . 3 3 . 2 8 8 . 4 7 . 2 8 2 . 9 1 1 3 . 8 5 0 . 0 0
2 9 3 . 41 . 3 1 4  . 2 8 . 7 9 . 9 4 1 7 . 2 0 0 . 0 0
j  J 9 . 291  . 3 7 . 3 0 3 . 4 7 . 3 3 4 . 0 5 1 3 . 3 3 0 * 0 0  
0 . 0 03 4  . 2 8 6 . 3 5 . 2 . 1 6 7 . 7 3
1 . 2 7 9  . 4 9 . 2 6 2 . 5 5 .
2 0 7 . 8 5 1 4 . 5 7 2 , 0 0
271 . 4 3 . 2 3 7 . 4 8 . 1 9 5 . 1 3 1 0 . 7 3 0 . 0 0
P L O T  F
2 7 7 .  
2 8 6 .
4 8 .  
4 2 .
2 3 3 .
2 6 2 .
4 7 .
4 7 .
- 1 7 5 . 9 7  
2 0 4 . 1 0
1 7 . 3 5
1 7 . 7 9
0 . 0 0
0 . 0 0
'*'1 . 2 9 4  . 4 2 . 2 6 1  . 4 6 . 2 0 2 . 8 2 2 2 . 7 0 3 . 0 0
2 9 3 . 41 . 2 6 0 . 4 6 . 2 0 4 . 7 1 2 3 . 1 7 0 . 0 0
1  1 2 8 7  . 4 0 . 2 6 8 . 4 3 .
2 0 4 . 5 5 1 2 . 9 3 2 . 0 0
2 0 7  . 4 0 . 271  . 44  . 2 1 0 . 1 9 11 . 7 2 0 . 0 0
2 0 6 . 4 3 . 2 0 2  1____ 4 5 . 1 9 4 . 6 9 1 7 . 0 2 0 . 0 O
A «i , 3 0 2 . 31 . 2 7 9 . 3 3 . 2 0 8  .81 11 . 8 8 5 0 . 0 0
2 9 4  . 41 . 3 2 4  . 3 9 . 4 0 . 6 1 1 8 . 7 3 0 . 0 0
P L O T  E 1 1 . 2 0 5  . 41 . 3 1 9 . 4 2  . 2 4 . 1 3 2 2 . 6 0 5 0  . 0 0
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8 . n 247.45 247.45 1.92 96.13 512.0 22.63 1 .8481 2.6229 23.08
8 . OXm • 295.30 295.30 0.66 32.95 10014.0100.07 0.2172 2.6229 15.89
1 . n • 58.32 58.32 2.00 99.93 8.8 2.97 1.9973 2.6229 10.09
6 . 94.95 94 .96 1.95 97.68 305.5 17.48 1.9084 2.6229 5.16
90 . 1 . 82.72 82.72 1.00100.00 0.0 0.00 1 .0000 2.2500 8.19
58. 1 . 69.81 69.81 1.00100.00 0.0 0.00 1 .0000 2.2500 22.02
21 . 3. 55.76 55.67 2.88 96.16 381 .8 19.54 2.7741 2.7471 14.23
74 . 5 . 152.76 152.76 4.88 97.59 198.7 14.10 4.7621 2.8466 28.40
56. 3 . 142.77 142.77 2.99 99.60 39.1 6.26 2.9762 2.7471 9.83
26. 2 . 102.81 102.81 0.28 14.22 13389.9115.71 0.0405 2.6229 15.29
24 . 1 . 197.64 197.64 1.00100.00 0.0 0.00 1.0000 2 .2500 19.12
34 . o _ , 83.36 83.36 0.21 10.32 14138.1118.90 0.0213 2.6229 22.08
15. 1 . 28.38 28.38 1.00100.00 0.0 0.00 1 .0000 2.2500 10.82
14 . 3. 40.55 40.63 2.90 96.76 321.4 17.93 2.8089 2.7471 8.73
7. n 82.30 82.30 0.91 45.64 7899.5 88.88 0.4165 2.6229 14.41
i'i . 4 . 152.43 150.94 3.42 85.59 1337.3 36.57 2.9301 2.8093 20.63
8. 1 . 68.78 68.78 1.00100.00 0.0 0.00 1.0000 2.2500 30.53
18. 2. 267.83 267.83 1 .99 99.69 41 .3 6.42 1 .9875 2.6229 13.57
39 . 1 . 177.77 177.77 1.00100.00 0.0 0.00 1 .0000 2 .2500 17.48
1 1 . 1 . 21 .31 21 .31 1 .00100.00 0.0 0.00 1.0000 2.2500 14.52
53. 1 . 35.39 35.39 1.00100.00 0.0 0.00 1.0000 2.2500 37.05
2 . 3. 83.16 31.16 0.98 32.55 14272.4119.47 0.3178 2.7471 17.71
j  . * _ 77.17 77.17 1.00100.00 0.0 0.00 1.0000 2.2500 16.89
r ~  . 2. 43.09 £?!. ■ ;9 1.90 9Q.1? 114.2 10.69 1 .°65 fl L .6279 •! 0.40
6. 1 . 111.15 111.15 1.00100.00 0.0 0.00 1.0000 2.2500 5.67
34 . 1 . 32.76 32.76 1.00100.00 0.0 0.00 1.0000 2.2500 22.20
35 . 2. 22.10 22.10 0.92 46.16 7815.5 88.41 0.4261 2.6229 16.69
8. 5 . 352.55 352.42 4.69 93.73 526.1 22.94 4.3929 2.8466 14 .40
9. 3. 336.91 337.07 2.86 95.25 473.5 21 .76 2.7218 2.7471 23.41
97. 1 . 247.02 247.02 1.00100.00 0.0 0.00 1.0000 2.2500 11.59
96. 1 . 59.11 59.11 1.00100.00 0.0 0.00 1.0000 2.2500 16.02
37. 1 . 23.30 23.30 1.00100.00 0.0 0.00 1.0000 2.2500 9.13
91 . 3 . 48.04 48.05 2.98 99.20 78.6 8.87 2.9524 2.7471 19.44
92. 3. 195.05 195.05 2.99 99.71 28.7 5.36 2.9825 2.7471 16.16
93. 4. 74.70 44.67 2.09 52.26 7551.7 86.90 1.0924 2.8093 17.54
94. 2 . 51 .96 51 .96 2.00 99.79 27.2 5.22 1.9917 2.6229 12.31
24 . 3. 59.33 59.33 3.00 99.89 10.6 3.26 2.9935 2.7471 10.66
25. 4 . 2.03 9.86 2.77 69.26 3228.9 56.82 1.9189 2.8093 9.39
95. 4. 95.38 78.19 2.31 57.74 5226.2 72.29 1 .3334 2.8093 18.54
51 . 1 . 262.27 262.27 1.00100.00 0.0 0.00 1.0000 2.2500 21.14
71 . 1 . 34.46 34.46 1.00100.00 0.0 0.00 1.0000 2.2500 13.82
73. 1 . 78.47 78.47 1.00100.00 0.0 0.00 1 .0000 2.2500 24.68
80. 3. 33.36 33.36 2.97 98.84 115.0 10.73 2.9305 2.7471 22 .65
03. 1 . 352.61 352.61 1.00100.00 0.0 0.00 1.0000 2.2500 10.59
6. 8. 320.65 277.14 4.03 50.34 5167.4 71 .88 2.0269 2.9025 14 .97
7. 2. 1 .42 1 .42 0.40 19.91 12328.7111.03 0.0793 2.6229 15.52
9 . 2. 348.10 348.10 1 .94 97.01 395.1 19.88 1 .8820 2.6229 10.53
in . 4 . 195.76 195.83 3.91 97.70 202.6 14 .24 3.8183 2.8093 15.11
23. X • 203.76 203.76 2.00 99.99 1 .8 1 .34 1.9995 2.6229 22.93
31 . 3. 203.15 203.15 2.98 99.38 61 .6 7.85 2.9627 2.7471 13.89
65. 2. 124.71 124.71 0.21 10.28 14145.4118.93 0.0211 2.6229 15.31
1 1 . 3. 35.58 35.46 2.90 96.78 320.1 17.89 2.8097 2.7471 21 .36
23. 2. 163.48 163.48 1 .97 98.48 200.5 14.16 1.9395 2.6229 30 .00
12. 3. 37.86 38.27 2.72 90.59 949.9 30.82 2.4619 2.7471 12.96
21 . 9. 338.37 350.66 6.10 67.78 3527.7 59.39 4.1348 2.9129 23 .07
30. 1 . 158.68 158.68 1 .00100.00 0.0 0.00 1.0000 2.2500 15.83
31 . 4. 340.40 344.39 3.03 75.83 2361 .2 48.59 2.2999 2.8093 19.61
10 . 3. 88.30 88.25 2.86 95.48 450.2 21 .22 2.7350 2.7471 15.32
1 1 . 2 . 112.00 112.00 2.00100.00 0.1 0.35 2.0000 2.6229 IB .46
84. 5. 70.09 70.07 4.84 96.87 259.8 16.12 4 .6919 2.8466 16.76
89. 4. 3.85 5.02 3.49 87.28 1170.5 34.21 3.0470 2.8093 15.10
4 . 1 . 313.60 313.60 1.00100.00 0.0 0.00 1.0000 2.2500 29 .83
1 . 1 . 252.52 252.52 1.00100.00 0.0 0 .00 1.0000 2.2500 10.46
27 . 1 . 47.76 47.76 1 .00100.00 0.0 0.00 1.0000 2.2500 5.74
28. 1 . 190.70 190.70 1 .00100.00 0.0 0.00 1.0000 2.2500 7.06
15. 2. 193.44 193.44 0.69 34.35 9775.1 98.87 0.2360 2.6229 16.14
APPENDIX 2
Modal analyses for the tuffaceous and quartz sandstone 
associations in the Tangerang Formation and explanatory 
notes regarding definition of components in these rocks. 
Sample locations are listed in Appendix 8.
Explanatory notes and definition of components tor 
sedimentary and Devils Pulpit Member modal data listed in 
Appendices 2 and 4 respectively
QUARTZ: Monocrystalline quartz occurs as single grains and 
displays straight to undulose extinction dependant upon the 
degree of syndepositional strain, rather than the nature of 
the source rocks. Embayments are preserved in quartz grains 
in samples from the tuffaceous sandstone association and 
Devils Pulpit Member.
Polycrystalline quartz are composite grains, probably 
derived from an Ordovician source area.
FELDSPAR: Counted as undifferentiated feldspar in many 
altered samples but where possible plagioclase and 
K-feldspar were distinguished.
L IT H IC  FRAGMENTS: Q-F tuff = quartz-feldspar tuff, probably 
derived from fine-grained ignimbrite.
Alt Vole frag = altered volcanic fragments which are 
regular grains replaced by chlorite, epidote, 
tremolite/actinolite and carbonate.
Mafic vol = mafic to intermediate volcanic fragments 
containing abundant acicular feldspar.
Tuffac s/s = fragments of tuffaceous sandstone 
shards/ pumice = relict glass shards are preserved in some 
samples. Wispy, usually chloritised lenses have been 
interpreted as replaced pumice clasts.
Siltstn/Shl = siltstone and shale fragments.
Sericitic patch = regular grains of fine-grained sericitic 
material which has replaced vein quartz or chert fragments.
UNDIF. MATRIX: undifferentiated matrix, in most tuffaceous 
sandstone samples consisting of chlorite and in quartz 
sandstone samples consisting of sericite. The matrix in the 
Devils Pulpit Member was originally glassy and consists of 
a microcrystalline aggregate of quartz and feldpsar and 
relict pumice and glass shards. Where easily distinguished, 
due to larger than usual size, shards and pumice have been 
counted separately.











































Quartz (mono) 31.0 45.6 26.8 34.4 32.4 25.2 28.2 26.4 32.6 25.0 20.8 21.4 21.2 18.2 29.0 30.2 16.0 16.8 16.0 2 2 . 2 33.2
Quartz (poly) 0.6 2.8 0.2 0.6 0.6 1 . 0 6.6 0 . 0 0.4 0.2 0.2 0.2 0.4 0.0 0 .0 2.2 0 . 0 0 . 0 0 . 0 0.0 2.8
Total Feld. 47.8 42.2 27.0 50.4 50.2 42.6 35.4 35.6 43.6 35.4 55.0
Plagioclase 41.2 19.6 53.0 23.6 34.2 43.8 48.8 54.2 49.6 23.0
K-Feldspar 4.8 1.0 0 .0 4.8 1.4 0.4 3.6 1.0 1.4 1.4
Total Lithics 8.4 16.0 9.8 2 2 . 2 9.6 18.2 32.8 13.0 12.8 14.2 23.6 29.4 29.4 21.8 17.2 4.2 13.4 9.6 11.8 7.0 31.2
Chert 0.4 4.2 1.8 0 . 0 0 . 0 2.4 1.0 1.6 2.4 3.6 0.2 3.0 0 . 0 1.4 0.6 2.8 0.8 3.4 2.4 0 . 0 7.0
Q-F tuff 0.0 0.4 2 . 8 0 . 0 0 . 0 2.2 0 . 0 3.0 2.2 0 . 0 0 . 0 0 . 0 0 .0 0.4 2.4 1.2 0 . 0 2.6 0 . 0 0 . 0 12.2
Ash 4.2 0 . 0 0.4 14.6 0 . 0 2.6 4.2 3.4 2.2 0 . 0 0 . 0 0 . 0 3.6 0.0 0 . 0 0 . 0 1.6 0 . 0 0.0 0.0 5.2
Alt Vole Frag 3.8 11.2 4.2 5.8 9.6 8.6 3.8 2.8 6.0 9.4 23.2 26.4 25.6 20.0 9.2 0 . 0 9.0 3.0 9.4 5.0 1.2
Mafic Vole. 0.0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
Tuffac s/s 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0 . 0 0.0 0.0 0 .0
Shards/Pumice 0 . 0 0.0 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .0 0 .0 4.6 0 . 0 2.0 0.2 0 . 0 1.6 0.0
Dacitic lava 0.0 0 . 0 0 .0 0 .0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0.0 0.0 0 . 0 0 . 0 0 . 0 0 .0 0 .0 0.0
Quartz s/s 0.0 0 . 2 0 . 6 1.8 0 . 0 2.4 17.2 2.2 0 . 0 1.2 0.2 0 . 0 0.2 0.0 0.4 0 . 0 0 . 0 0 . 0 0 . 0 0.4 2 . 8
Qtz-mica s/s 0.0 0 .0 0 .0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .0
Sltstn/Shl 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 6.6 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0.2 0 . 0 0.4 0 . 0 0 . 0 0 .0
Sericit patch 0 . 0 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .0 0 .0
Vein Quartz 0.0 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 .0 2.8
Cherty Sltst 0.0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .0 0 .0
Undif. mat. 1 2 . 2 5.8 7.8 13.0 7.0 7.6 3.6 8.4 7.6 7.6 10.0 6.4 11.0 9.2 6.6 9.2 32.0 8.6 9.6 16.6 7.4
Pore infills 0.0 0 . 0 0 .0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 3.0 0 . 0 0 . 0 0 . 0
Siderite/Fe02 0.0 0 . 0 0 . 0 0 . 0 2.2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
Carbonate 0 . 0 6.6 1.2 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 tr 0 . 0 2.2 1.6 0 . 0 0 . 0 4.2 0 . 0 0 .0 0 .0
Sphene 0.0 0 . 0 0 . 0 0.4 0.2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.4 0 . 0 0 . 0 2.6 0 . 0 0 . 0 0 .0 0.0
Opaques 1.8 2.6 1.2 1.0 0.2 3.8 0.4 1.8 1.2 2.8 2.8 7.2 2.4 4.6 0.8 1.8 0.6 2.8 1.4 3.2 1.0
Chlor/Epidote 0.0 0 . 0 0 . 0 0 . 0 0 . 0 tr 1.4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 6.0 0.0 0 .0
Fossil frags 0 . 0 0 . 0 0 .0 0 . 0 0 . 0 2.0 0 . 0 0 . 0 9.8 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0.6 0 . 0 0 . 0 0 . 0 0 . 0 0 .0 0 . 0














6726 6727 6728 6729 6730 6731 6732 
TS1000 TS1005 TS1007 TS1012 TF26 TF4a TD22
-  WELL BEDDED















1221 TH23Quartz (mono) 45.6 37.6 39.2 28.2 34.0 34.6 27.0 35.8 28.8 24.8 29.0 39.0 21.1 31.8 31.2 45.2 44.0 42.6 41.0 31.8 33.8Quartz (poly) 2.2 1.4 0.0 1.0 1.0 0.8 1.8 1.8 0.0 0.0 1.4 2.2 0.0 1.6 2.4 2.4 2.2 2.0 1.6 0.4 0.4Total Feld. 37.8 50.8 28.6 37.4 48.4 45.6 34.6 52.0Plagioclase 27.0 38.2 26.0 26.0 37.0 23.4 24.2 17.0 29.8 21.6 28.8 38.2 30.8K-Feldspar 9.2 4.8 5.4 3.2 2.2 2.6 2.2 0.6 3.2 3.0 3.2 2.6 2.2Total Lithics 10.8 9.6 16.8 17.2 13.4 13.0 12.0 12.6 22.0 13.6 15.2 12.2 17.2 18.4 19.8 24.0 9.0 18.6 12.8 14.6 16.2Chert 2.6 3.2 2.4 2.0 5.6 6.6 4.4 2.8 0.4 4.4 2.2 0.0 3.6 5.4 4.8 7.6 0.4 0.8 2.0 2.8 2.0Q-F tuff 0.0 4.4 3.0 0.4 0.4 0.0 0.4 0.0 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0 0.0Ash 3.2 2.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 6.8 4.6 0.0 0.0 1.4 1.8 2.0Alt Vole Frag 4.2 0.0 3.2 3.0 4.6 3.6 5.4 6.2 20.0 8.4 10.4 10.4 12.6 5.0 3.4 3.4 0.0 0.0 0.0 9.0 10.6Mafic Vole. 0.0 tr 2.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Tuffac s/s 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Shards/Pumice 0.0 0.0 2.0 11.8 0.0 1.6 0.Q 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 6.0 5.4 0.0 0.8Dacitic lava 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Quartz s/s 0.8 tr 2.8 0.0 2.6 1.0 1.0 1.6 0.0 0.8 2.6 1.8 1.0 5.8 3.6 2.6 1.4 0.6 1.2 1.0 0.4Qtz-mica s/s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Sltstn/Shl 0.0 0.0 0.0 0.0 0.2 0.2 0.0 2.0 0.0 0.0 0.0 0.0 0.0 0.0 1.2 2.8 7.0 11.2 2.8 0.0 0.4Sericit patch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Vein Quartz 0.0 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 0.0 0.0 0.0 0.0 0.0Cherty Sltst 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Undif. mat. 4.6 6.0 7.6 21.2 5.6 4.8 4.6 5.8 10.0 7.8 6.8 5.0 6.2 6.2 4.4 4.0 3.4 11.4 6.8 7.4 10.0Pore infills 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.4 0.0 0.0 0.0 0.0 0.0 0.0 2.4Siderite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Carbonate 0.0 0.0 0.0 2.4 7.2 7.4 3.0 9.6 0.0 0.2 0.0 5.6 0.0 12.8 11.0 5.2 3.2 0.0 4.2 1.6 7 - 8Sphene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.8 0.0 tr 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Opaques 0.6 0.8 5.0 0.2 1.0 0.2 0.8 3.2 1.4 2.4 2.0 1.4 2.2 0.4 4.0 1.6 5.2 0.8 1.6 3.4 1.4Chlor/Epidote 0.0 1.6 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Fossil frags 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.6 0.0 0.0 0.0 0.0 0.0 0.4 0.8 0.0 0.0 0.0 0.0 0.0 0.0Accessories






























15.0 14.0 19.4 36.4 42.8 27.0
Quartz (mono) 38.8 38.6 37.4 47.2 48.2 47.0 0.4 0.8 1.2 2.2 1.0 0.0
Quartz (poly) 1.8 2.4 1.4 1.0 0.0 0.0 9.2 14.2 47.8 22.4
Total Feld. 31.0 20.6 25.8 23.4 13.4 26.8
Plagioclase 27.4 24.4 1.4 1.0
K-Feldspar 1.2 1.4 65.2 61.2 9.8 16.6 9.8 17.0
Total Lithics 12.2 20.2 24.4 17.0 12.2 14.4 7.8 9.0 8.2 3.0 5.2 2.6
Chert 3.4 10.4 4.2 4.6 0.0 0.0 4.6 10.8 1.2 0.6 0.2 5.2
Q-F tuff 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 12.4 3.2 0.0
Ash 0.0 1.6 0.0 5.4 8.2 8.6 0.0 0.0 0.0 0.0 0.0 4.0
Alt Vole Frag 2.0 0.0 6.0 2.6 0.0 2.4 0.0 0.0 0.0 0.0 0.0 0.0
Mafic Vole. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Tuffac s/s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Shards/Pumice 3.6 2.2 6.2 1.8 0.0 0.0 39.8 38.4 0.0 0.0 1.2 5.2
Dacitic lava 0.0 0.0 0.0 0.0 0.0 0.0 4.6 0.0 0.0 0.0 0.0 0.0
Quartz s/s 1.0 0.8 6.2 0.0 1.2 1.6 0.0 0.0 0.0 0.0 0.0 0.0
Qtz-mica s/s 0.0 0.0 0.0 0.0 0.0 0.0 8.4 3.0 0.0 0.0 0.0 0.0
Sltstn/Shl 2.2 5.2 1.8 2.0 2.8 1.2 0.0 0.0 0.0 0.0 0.0 0.0
Sericit patch 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.0
Vein Quartz 0.0 0.0 0.0 0.6 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0
Cherty Sltst 0.0 0.0 0.0 0.0 0.0 0.0
8.2 3 .6 11.4 30.0 16.8 33.4
Undif. mat. 12.8 6.0 9.2 12.0 8.2 8.4 0.0 0.0 0.0 0.0 0.0 0.0
Pore infills 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Siderite 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Carbonate 0.0 0.0 0.0 0.0 4.0 6.2 0.0 0.0 0.0 0.0 0.0 0.0
Sphene 0.0 0.0 0.0 0.0 0.0 0.0 1.8 0.6 1.6 0.0 1.8 0.2
Opaques 5.8 1.8 1.8 2 . 2 1.6 0.6 0.2 5.6 8.8 0.0 0.0 0.0
Chlor/Epidote 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fossil frags 0.0 0.0 0.0 0.0 0.0 0.0
Accessories
all totals 100% 500 points counted
------ .. . ........■ ■ ..................
QUARTZ SANDSTONE ASSOCIATION
BROOKLYN CONGLOMERATE MEMBER proximal turbidites lower QUARTZ SANDSTONE
F ie ld  num ber TH27a THlb 1317 TH17 1316 TN3 TN4 TJ59 T I22b T I2 0 T L l l TM6 TM8
(Collection num ber 6758 6759 6760 6761 6762 6763 6764 6765 6766 6767 6768 6769 6770
Quartz  (mono) 52 .2 34 .6 21 .6 46 .4 40 .4 58 .4 61 .2 7 7 .6 58 .2 7 0 .6 59 .2 70 .4 59 .4
Quartz  (po ly )  
T o t a l  F e ld .
4 .0 3 .2 2 .8 2 .4 3 .4 4 .2 5 .8 3 .8 2 .0 5 .8 5 .2 3 .2 3 .6
P l a g i o c l a s e  
•K-Feldspar  
T o t a l  L i t h i c s 33 .0 54 .2 74 .4 46 .0 53 .4 29 .4 22 .4 13 .4 3 1 .6 14 .4 24 .2 17 .8 23 .4
C h e r t 3 .4 5 .6 4 .6 2 .0 3 .6 17 .8 8 .2 1 . 6 7 .4 3 .6 6 .2 2 .8 10 .8
Q-F t u f f 0 .0 0 .0 0 .0 0 .4 0 .0 0 .2 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
Q u ar tz  s / s 2 .6 10 .4 26 .0 19.2 14 .0 3 .8 3 .4 4 .2 0 .0 1 .4 2 .4 3 .6 1 .8
Q t z - s e r  s / s 0 .0 4 .4 5 .8 0 .0 4 .2 0 .0 0 .0 0 . 0 2 .4 0 .0 0 .0 0 .0 0 .0
S l t s t n / S h l 1 .2 27 .2 38 .0 19.2 31 .6 1 .0 1 .0 0 .0 3 .0 1 .6 3 .2 3 .6 5 .0
S e r i c i t  c l a s t 3 .4 6 .0 0 .0 5 .0 0 .0 3 .4 5 .8 7 . 0 16 .8 6 .2 7 .4 5 .0 4 .2
V e in  Quartz 0 .4 0 .6 0 .0 0 .2 0 .0 3 .2 2 .0 0 .6 2 .0 1 .6 2 .2 2 .8 1 .6
C h e r ty  S l t s t 2 2 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 2 .8 0 .0 0 .0
U n d i f .  mat. 4 .0 6 .2 0 .4 2 .8 0 .8 5 .0 2 .6 4 . 0 5 .6 4 .6 4 .2 3 .6 4 .8
Pore i n f i l l s 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 1 .0 0 .0 0 .0 0 .0 3 .8 0 .0 0 .0
S i d e r i t e 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
Carbonate 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
Sphene 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 . 0 0 .0 0 .0 0 .0 0 .0 0 .0
Opaques 2 .2 1 .8 0 .8 2 .4 2 .0 3 .0 7 .0 1 .2 2 .6 4 .6 3 .4 5 .0 8 .4
C h lo r / E p i d o t e 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
F o s s i l  f ra g s 4 .6 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0
A c cess o r ies t r m / Z r
0 .4






Quartz (mono) 63.8 64.6




Total Lithics 19.8 17.0
Chert 1.8 4.0
Q-F tuff 0.0 0.0
Quartz s/s 2.8 2.6
Qtz-ser s/s 0.0 0.0
Sltstn/Shl 0.0 0.6
Sericit clast 11.6 6.6
Vein Quartz 3.6 3.2
Cherty Sltst 0.0 0.0
Undif. mat. 4.8 0.0






Fossil frags 0.0 0.0
Accessories
TR32a TR18d TR42 TR82 TR90b6773 6774 6775 6776 6777
70.8 70.0 67.0 52.0 63.4
5.6 5.6 8.6 4.8 4.2
16.2 12.6 18.2 19.6 26.0
0.0 0.8 0.8 9.0 4.8
0.0 0.0 0.0 0.0 0.0
2.6 1.6 3.2 1.2 1.6
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.2 4.2
7.8 6.2 7.6 6.6 8.2
5.8 4.0 6.6 2.6 7.2
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 8.0 3.6
0.0 10.2 4.0 10.6 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.2 0.0 0.2 0.0 0.0
1.8 1.6 2.0 5.0 2.8
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
trm
5.4
TJ24 TJ53 TI16 TI13a TK306778 6779 6780 6781 6782
67.2 57.4 74.6 68.8 49.2
4.0 4.4 3.6 2.4 3.4
22.2 31.8 15.8 23.4 29.0
3.4 13.8 2.2 2.4 16.6
0.8 2.0 0.0 0.0 0.0
2.4 5.8 4.6 6.8 3.6
2.2 0.0 0.0 0.0 0.0
0.0 0.0 0.0 4.6 1.4
8.4 4.6 8.2 5.0 4.8
5.0 5.6 0.8 4.6 2.6
0.0 0.0 0.0 0.0 0.0
3.8 5.2 4.2 2.8 9.4
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
2.8 1.2 1.8 2.6 8.8
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
Zr
0.2














0 . 0  
0 . 0  
0 . 0  
0 . 0  
8.8 
0 . 0  
0 . 0
APPENDIX 3
Major element analyses for the Devils Pulpit Member and the 
Kerillon Tuff Member. Analyst: B Chappell, Australian 





Volcanic breccia Unit 1 Unit 2 ignimbrite
Frome H Carne Ignimbrite Big Hill Tang Ck Lumley Pk
Coll no 6791 6813 6859 6863 6910 6915 6887 6898 6900
Field no T037 TD27a TR21 TB7a M671 M655 TB26 TJ29 TJ38
sio2 80.02 77.89 77.38 76.09 68.35 67.48 64.69 67.28 67.99
Ti02 '0.19 0.11 0.22 0.26 0.46 0.48 0.77 0.66 0.66
Al2°3 10.61 11.84 10.46 11.76 14.20 14.05 15.45 14.34 14.56
‘ Fe2°3 0.80 1.22 3.79 2.79 4.08 3.97 6.49 5.98 4.71
MnO 0.00 0.02 0.15 0.05 0.06 0.06 0.16 0.08 0.04
MgO 0.39 0.62 0.63 0.65 1.75 1.08 2.59 1.85 1.84
CaO 0.08 1.09 0.15 2.17 2.71 3.40 5.23 5.76 4.21
Na 0 2.25 4.38 2.30 2.42 2.79 2.65 1.28 1.50 3.54
k2o 3.14 2.53 3.25 2.66 3.49 3.14 1.43 1.47 1.49
V s 0.02 0.02 0.05 0.06 0.09 0.08 0.15 0.13 0.12
s 0.20 0.01 0.04 0.00 0.01 0.02 0.01 0.00 0.00
Total 97.69 99.73 98.42 98.92 97.99 96.42 98.25 99.05 99.17
* Total Fe as Fe 2 ° 3
APPENDIX 4
Modal analyses for Units 1 to 4 and undifferentiated parts 
of the Devils Pulpit Member of the Tangerang Formation. 
Explanatory notes regarding components included in Appendix 
2 are also applicable to these rocks. Sample locations are 
listed in Appendix 8.
DEVILS PULPIT MEMBER 

















Quartz >0.25mm 7.8 10.4 4.2 8.6 7.4 21.4 9.4Quartz <0.25mm 25.6 17.8 25.2 17.2 20.0 18.0 13.2Plag >0.25mm 5.0 3.6 2.4 2.8 5.4 7.0K-feld >0.25mm 1.2 3.0 0.4 1.2 1.6 13.2Feld <0.25mm 19.6 26.0 30.8 26.6 22.0 13.6 23.2
Total lithics 4.4 7.0 7.4 17.8 3.2 5.8 4.8Chert 0.0 2.2 3.8 0.0 2.4 1.6 1.2Q-F tuff 1.2 0.6 1.0 4.8 0.0 1.8 0.0Ash 0.8 3.2 2.6 1.2 0.8 1.8 3.4
Mafic vole 0.0 1.0 0.0 0.0 0.0 0.0 0.0
Altered vole 0.0 0.0 0.0 0.8 0.0 0.0 0.0Tuffac ss 0.0 0.0 0.0 6.0 0.0 0.0 0.0
Plutonic 0.0 0.0 0.0 4.8 0.0 0.0 0.0
Qtz ss 2.4 0.0 0.0 0.2 0.0 0.6 0.2
Silt/shale 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Undiff matrix 34.4 28.2 22.6 23.4 37.8 26.6 26.0
Pumice 1.0 1.0 3.8 1.2 3.2 3.4 1.4
Shards 0.0 0.0 0.0 0.0 0.0 0.0 6.0
Sphene 0.0 0.0 0.0 0.0 0.0 0.6 0.0
Opaques 1.0 2.4 3.0 1.2 1.0 2.0 2.8
Carbonate 0.0 0.0 0.2 0.0 0.0 0.0 0.0
Accessories tourm tourm tourm
0.6 Zr.
TOTAL 100.0 100.0 100.0 100.0 100.0 100.0 100.0
500 points counted
DEVILS PULPIT MEMBER
Unit 2 Unit 3









































Quartz 6 6 7 0 7 2 15 0 16 6 28 0 23 .0 27 .4 18 6 20 6 19 8 24 .6 25. 0 18 2 11 8 11. 4 8. 0 6 0 2 8Undiff feldsp 15 2 0 8Plagioclase 6 2 6 2 4 4 12 2 8 6 13 .2 13 8 14 .6 16 0 14 0 18. 0 15 .2 12 2 8 2 4 .8 4 .8 3 4K-feldspar 0 8 0 8 0 6 3 0 4 4 3 .4 0 8 1 .8 2 2 1 6 3. 0 4. 6 1 0 3 .2 3 .4 0 2
Total lithics 1 8 2 0 4 2 5 8 5 8 11. 4 7 8 3. 0 2 4 1 6 6 4 7 .6 2. 8 1 2 0 2 1. 8 1. 8 0 0 0 0Chert 0 0 0 2 0 2 0 2 0 0 1 .2 1 0 1. 2 1 0 0 0 0 8 0. 0 0. 0 0 4 0 0 1. 0 0 .8 0 0 0 0Q-F tuff 0 0 0 8 0 0 4 8 3 6 2 .6 4 0 1. 0 0 6 0 8 5 6 1. 4 0. 0 0 0 0 0 0. 4 0 .4 0 0 0 0Ash 1 0 0 8 0 0 0 .6 2 2 0. 0 0 0 0 .8 0 0 0 8 0 0 2. 6 0. 4 0 8 0 2 0. 4 0. 6 0 0 0 0
Mafic vole 0 2 0 2 0 0 0 .0 0 0 0. 4 0 0 0. 0 0 0 0 0 0 0 0. 4 1. 0 0 0 0 0 0. 0 0 .0 0 0 0 0
Altered vol 0 0 0 0 0 0 0. 0 0 0 3. 8 0 0 0. 0 0 0 0 0 0 0 0. 0 0. 4 0 0 0 0 0. 0 0. 0 0 0 0 0
Tuffac ss 0 0 0 0 0 0 0 .0 0 0 0. 0 0 0 0. 0 0 0 0 0 0 0 0. 0 0. 0 0 0 0 0 0. 0 0 .0 0 0 0 0
Quartz ss 0 0 0 0 4 0 0 .2 0 0 0. 8 2 8 0. 0 0 8 0 0 0 0 3. 2 1. 0 0 0 0 0 0. 0 0 .0 0 0 0 0
Qtz-mica ss 0 6 0 0 0 0 0. 0 0 0 0 .0 0 0 0. 0 0 0 0 0 0 0 0. 0 0. 0 0 0 0 0 0. 0 0. 0 0 0 0 0
Silt/shale 0 0 0 0 0 0 0. 0 0 0 2. 6 0 0 0. 0 0 0 0 0 0 0 0. 0 0. 0 0 0 0 0 0 .0 0. 0 0 0 0 0Vein qtz 0 0 0 0 0 0 0. 0 0 0 0 .0 0 0 0. 0 0 0 0 0 0 0 0. 0 0. 0 0 0 0 0 0. 0 0 .0 0 0 0 0
Undiff matrix 46 0 43 6 51 2 51. 8 40 8 33. 2 49 4 36. 8 54 0 42 6 36 0 36. 2 42. 2 35 6 60 6 48. 4 51. 6 65 2 78 0
Pumice 3 2 3 6 2 2 1. 2 0 0 0. 0 5 0 4. 4 3 2 1 0 2 2 0. 0 0. 0 4 4 2 2 5. 6 3. 6 14 0 0 6Shards 22 2 24 8 21 8 10. 6 21 4 9. 4 0 0 10. 6 4 0 14 4 18 8 9. 8 9. 0 27 0 14 8 21. 8 25. 0 13 4 0 0Bubble shards 1 6 0 8 0 2 0. 0 0 0 0. 0 0 0 tr. 0 0 0 0 0 0 0. 0 0. 0 0 6 0 0 1. 4 0. 6 0 0 0 0
Vitriclasts 11. 2 11 0 6 0 0. 0 0 0 0. 0 0 0 0. 0 0 0 0 0 0 0 0. 0 0. 0 0 4 0 0 0. 0 0. 0 0 0 14 8
Sphene 0. 0 0. 0 0 0 0. 0 0 2 0. 0 0 0 0. 0 0 0 0 0 0 0 0. 0 0. 0 0 0 0 0 0. 0 0. 0 0 0 0 0Opaques 0. 4 0. 2 0. 4 0. 4 2. 2 1. 4 0 2 1. 4 2 6 1 6 0 0 0. 8 0. 0 0 4 1 2 1. 6 1. 2 0 6 0 2Carbonate 0. 0 0. 0 1 8 0. 0 0. 0 0. 0 0 0 0. 0 0 0 0 0 1 2 0. 0 1. 2 0 0 0 0 0. 0 0. 0 0 0 0 0







































Quartz 15.2 9.6 12.0 9.2 10.2 6.8 6.6 16.6 21.4 20.4 25.2 14.0 4.6 3.0 3.8 0.6Undiff Feldsp
Plagioclase 14.2 9.0 7.6 6.0 8.2 6.4 7.0 4.0 15.8 17.0 19.0 5.2 3.6 4.2 2.6 2.2K-feldspar 1.4 1.0 0.8 0.6 2.6 0.4 1.8 3.6 6.6 3.0 3.0 3.4 0.2
Total lithics 11.4 5.8 4.8 0.2 9.6 0.4 5.4 43.4 3.4 7.0 9.0 0.4 0.8 0 . 0 0.0 0 . 0Chert 0 . 0 0 . 0 0 . 0 0.2 0.2 0 . 0 0.6 0 . 0 0 . 0 0 . 0 2.0 0 . 0 0.0 0 . 0 0 . 0 0 . 0Q-F tuff 0.0 5.4 1.6 0 . 0 0 . 0 0.0 2.8 6.4 1.6 0 . 0 5.8 0 . 0 0 . 0 0 . 0 0.0 0 . 0Ash 7.8 0.2 3.2 0 . 0 7.0 0 . 0 0 . 0 6.4 0 . 0 2.8 0.8 0 . 0 0.8 0 . 0 0.0 0 . 0Mafic vole 0 . 0 0.2 0 . 0 0 . 0 0 . 0 0 . 0 0.0 1.6 0.0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0Altered vole 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 1.2 1.6 3.0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0Tuffac ss 0.0 0 . 0 0 . 0 0.0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0Quartz ss 3.6 0 . 0 0 .0 0 . 0 1.6 0.4 2.0 27.8 0.2 0.6 0.4 0 . 0 0.0 0.0 0.0 0 . 0Qtz-mica ss 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0 . 0Silt/shale 0 . 0 0 . 0 0 . 0 0 . 0 0.8 0 . 0 0 . 0 0.0 0 . 0 0.6 0 . 0 0.4 0 . 0 0 . 0 0 . 0 0 . 0Vein Qtz 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 .0
Undiff matrix 41.4 42.0 49.6 48.4 58.6 53.6 52.4 32.4 51.0 33.0 21.6 48.6 50.0 68.2 70.8 82.0Pumice 0 . 0 0.8 3.8 0.6 2.6 1.6 7.6 0 . 0 0 . 0 0 . 0 3.6 0 . 0 4.6 0 . 0 0 . 0 0 .0Shards 14.0 24.4 17.0 22.6 7.4 22.0 18.6 0 . 0 0.0 18.2 17.6 27.4 35.2 0 . 0 0 . 0 0 . 0Bubble shards 0.2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.6 0.0 0 . 0 0 . 0 1 . 0 0 . 0 0.4 0.4 0 . 0 0 .0Vitriclasts 0 . 0 4.6 3.8 11.8 0 . 0 8.0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0 . 0 24.0 22.8 15.0
Sphene 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0.2 0.0 0 . 0 0.0 0 . 0 0 . 0 0 . 0 0.0Opaques 0.6 0.0 0.6 0.4 0.8 0.4 0.0 0 . 0 1.6 1.4 tr. 1.0 0.8 0 . 0 0 . 0 0.2Carbonate 1.6 2.8 0 . 0 0 . 0 0.0 0.4 0.0 0 . 0 tr. 0.0 0 . 0 0 . 0 0 . 0 0 . 0 0.0 0.0Accessories sphn epid chlor Zr. Zr. tr serieZr. 0.2 Zr.
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
500 points counted
DEVILS PULPIT MEMBER 









































Quartz 13.6 5 . 8 9.4 10.2 8.0 15.4 16.8 8.2 4.0 13.2 8.0 20.2 19.4 37.0 33.4 28.2 24.6 22.0 27.2Undiff Feldsp 7.6 7.4 5.2 15.4 14.0Plagioclase 9.6- 1.8 5 . 8 9.4 12.6 5.2 5.0 13.4 18.8 17.2 26.8 22.2 30.8 27.4K-feldspar 3.8 0 . 2 0.8 1.8 2.4 0.4 2.2 2.4 1.2 1.0 3.0 3.2 2.0 2.8
Total lithics 3.4 1 . 4 1 . 2 3.0 2.4 4 . 6 2.0 0.4 1.0 0.2 1.0 3.2 3.8 10.0 11.4 0.4 2.8 0.4 1. 2
Chert 1 . 2 0.8 0.8 1 . 6 1 . 2 0 . 0 1 . 4 0.0 1.0 0.2 0.0 1.2 2.0 2.2 0.0 0 . 0 0.0 0.0 0.0Q-F tuff 0 . 0 0 . 0 0.0 0.0 0.0 3.6 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 1.4 0.0 0.0 0.0 0.0Ash 2.2 0.6 0.4 1.4 1.2 0.0 0.6 0.4 0.0 0.0 1.0 1.6 1.4 0.4 0.0 - 0.2 0.0 0.0 0.0Mafic vole 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Altered vole 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.6 0.0 0.0 0.0 1.2Tuffac ss 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.8 0.0 0.0Quartz ss 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 5.2 0.4 0.2 0.0 0.4 0.0Qtz-mica ss 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Silt/shale 0.0 0.0 0.0 0.0 0 . 0 1 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.6 0.0 0.0 0.0 0.0Vein Qtz 0 . 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.2 3.4 0.0 0.0 0.0 0 . 0
Undiff matrix 32.2 59.0 45.2 39.2 61.0 58.2 34.6 55.4 89.6 57.4 52.6 25.4 28.8 29.8 26.4 28.0 29.2 29.4 29.4Pumice 3.2 5.2 4.0 3.4 3.4 2.2 0.0 8.8 0.0 9.4 1.8 3.8 6.8 4.6 1.2 2.4 2.8 1.2 2.4Shards 30.8 23.2 27.2 28.8 14.8 9.0 26.8 15.6 0.0 0.0 23.0 28.0 19.2 3.0 5.6 2.6 1.6 2.6 2.4Bubble shards 1.8 0.2 1.4 1.2 1.0 0.0 0.0 0.6 0.0 0.0 1.0 1.2 0.6 0.0 0.0 0.0 0.0 0 . 0 0.0Vitriclasts 0.0 0.0 3.4 1.6 0.0 2.8 0.0 5.2 0.0 3.2 5.0 0.0 0.0 0.0 0.0 7.6 9.8 9.2 5.2
Sphene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Opaques 1.6 3 . 2 1 . 6 1.4 1.8 0.4 0.0 0.2 0.2 1.2 0.4 2.4 1.4 1.6 1.2 1.0 3.8 0.6 0.6Carbonate 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.6 0.0 0.0 1.8 1.4Accessories tourm
Total 100.0 100.0 100.0 100.0 100.0 100.0
0.2 
100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
500 points counted
DEVILS PULPIT MEMBER

























Quartz 23 8 23 6 28 6 46 0 39 . 8 37 .8 34 .2 40 .2 30 .4 33 . 0 38 . 8Undiff Feldsp 33 .2 43 . 8Plagioclase 23 4 26 6 18 6 31 2 31 .4 23 . 2 23 6 25 .8 22 . 8K-feldspar 1 4 1 4 1 8 1 6 6 6 3.0 5 8 4 0 5 .4
Total lithics 0 4 2 2 1 6 0 6 3 0 4 .4 6. 2 0 .6 1 0 7 6 2 2
Chert 0 0 0 0 0 0 0 6 1 2 0 8 0. 0 0 . 2 1 0 0 0 0 0
Q-F tuff 0 0 0 0 0 0 0 0 0 0 0 6 5. 0 0 .0 0 0 3 0 0 6Ash 0 4 0 2 0 0 0 0 0 0 0 0 1. 0 0 .0 0 0 1 6 0 8
Mafic vole 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 .0 0. 0 0 0 0 0
Altered vole 0 0 0 0 0 0 0 0 1 6 0 2 0. 0 0 0 0. 0 1 6 0. 0Tuffac ss 0 0 2 0 0 0 0 0 0 0 0 8 0. 0 0 0 0 0 0 0 0 0Quartz ss 0 0 0 0 0 0 0 0 0 2 2 0 0. 2 0 0 0. 0 0 0 0 0Qtz-mica ss 0 0 0 0 1 6 0 0 0 0 0 0 0. 0 0 .4 0. 0 1 4 0 8Silt/shale 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0 0. 0 0. 0 0. 0Vein Qtz 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 .0 0. 0 0. 0 0. 0
Undiff matrix 33 4 40 2 31 2 19 2 15 0 18 2 15. 4 17 .2 13. 0 14 0 11 0Pumice 1 8 1 6 1 0 0 0 0. 0 1 2 0. 8 1 2 0. 0 3 4 2. 2
Shards 4 2 0 0 8 8 0. 2 3 6 10. 2 10. 2 0 0 0. 0 10. 0 13. 2Bubble shards 0 0 0 0 0 0 0. 0 0. 0 0. 2 0. 0 0 0 0. 0 0. 0 0. 0Vitriclasts 9 .4 2 6 0 0 0. 0 0. 0 0. 0 0. 0 0 0 0. 0 0. 0 0. 0
Sphene 0 0 0 0 0 0 0. 0 0. 0 0. 0 0. 0 0 0 0. 0 0 .0 0. 0
Opaques 0 4 1 8 4 8 0. 2 0. 6 0. 4 1. 0 4 2 11. 8 0. 2 1. 0
Carbonate 1 8 0 0 3 6 1 0 0. 0 1. 4 2. 6 3. 4 0. 0 2. 0 3. 4
Accessories Zr.
0. 2
Total 100 .0 100 0 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0 100. 0
500 points counted
APPENDIX 5
Modal analyses for Units 1 and 2 of the Kerillon Tuff 
Member of the Tangerang Formation. Unit 2 is subdivided 
into 2a, 2b and 2c in the Tangerang Creek area but is 
undifferentiated elsewhere. Sample localities are listed in 
Appendix 8.




















































tuffQuartz (vole) 25 . 2 15. 4 26. 8 20. 0 10 . 5 24 .8 21. 8Total Feld. 10 8 12. 6 11 . 3 27. 4 24.8 9 6 22 .4 14.6 8.8Plagioclase 9 . 0 13 .0 13 4 13. 2 7.8K-Feldspar 2 . 0 1. 2 1 8 1. 2 8. 4 11.8 21 6 13 4 11.2Total Lithics 13 . 0 19 0 18 .2 26. 4 70 . 8 11 6 21. 8 1. 4 2.0 2 6 1 8 0.4Chert 3 . 0 3 8 2 .8 3 .2 4 . 3 0 .0 4. 6 3. 2 6.4 5. 8 7 2 2.0 1.0Q-F tuff 0 . 8 5 0 2. 8 6. 2 10 . 3 5 .0 2. 6 1. 2 0.0 0. 0 0 0 0.2 1.0Ash 2 . 4 4 4 6 .6 10. 2 5. 5 2 4 0. 4 0. 6 3.0 0. 0 2. 2 0.2 0.0Mafic Vole. 0 . 4 0 0 1 .0 0 .0 18 . 0 0 6 0. 0 0. 0 0.8 2. 8 1 6 0.8 0.0Rep glass R.F 1. 2 0 0 1 .4 0 .2 1. 0 0 0 8. 4 0. 0 0.0 0. 0 0. 0 0.2 0.0Lava frags 0 . 0 0 8 0. 0 4. 0 0 .0 0 0 0. 0 0. 8 2.0 0. 0 0 0 0.0 0 0Tuffac s/s 0 . 0 0 0 0 .0 0. 0 0 . 0 0 0 0. 0 0. 0 0.0 0. 0 0 .0 0.0 0 0Quartz s/s 4 . 0 5 0 3 .6 2. 6 15 . 5 3 6 5. 8 0. 0 0.0 0. 0 0. 0 0.6 0.0Vein Quartz 1. 2 0 0 0. 0 0. 0 16 . 2 0 0 0. 0 0. 6 0.6 3. 0 3. 4 0.0 0.00. 0 0.0 0. 0 0. 0 0.0 0.0Undif. mat. 47 . 6 48 6 40. 4 39. 8 5 . 8 41 0 38. 8
Pumice 2 . 4 5 2 0. 0 0. 0 0 .0 6 0 0. 0 48. 6 46.0 50. 6 44 .2 55.8 77 6Relict Shards 0 .0 0 0 0. 0 0. 0 0 .0 0 0 0. 0 4. 2 4.4 9 .0 9 .0 14 6 4 nAccret Lapilli 0 . 0 0 0 0. 0 0. 0 0 . 0 0 0 0. 0 1. 4 0.0 0. 0 0. 0 0.0 0.0
0 1 0 5 .4 3.4 0 .0 0 .0 0.0 0.0Opaques . 8 0 .4 1. 2 1.0 1 4 0. 4
Replaced Carb. 0 . 0 0 0 0. 0 0. 0 0 . 7 0. 0 2. 8 tr. 1.2 0. 8 1. 8 1.4 0.8Accessories Zr. epid tour epid epid Zr. 0. 0 0.0 0. 0 0 .2 0.0 0.0Zr. biot Zr • Zr. Zr. Zr Zr. Zr.Zr. tour epid tour garn
5 0 0  points counted
GA = glomeroporphyritic aggregate
GA = glomeroporphyritic aggregate
KERILLON TUFF MEMBER











I g n m
6872
TB19c



















18.4 16.2 14.8 19.4 15.8 28.0 24.0 19.6
Replac Mafics 0.0 0.0 0.0 0.0 0.0 1.8 0.6 0.8
Total Lithics 23.4 14.2 17.2 24.0 2.6 1.4 0.6 0.0
Chert 2.8 6.0 1.4 2.8 0.0 0.4 0.0 0.0
Q-F tuff 18.4 6.4 3.2 6.2 1.0 0.0 0.0 0.0
Ash 1.4 0.6 6.6 5.8 1.6 0.4 0.2 0.0
Mafic Vole. 0.0 0.6 0.0 0.4 0.0 0.6 0.2 0.0
Rep glass R.F 0.0 0.0 0.0 2.4 0.0 0.0 0.2 0.0
Lava frags 0.0 0.0 5.2 3.0 0.0 0.0 0.0 0.0
Tuffac s/s 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Quartz s/s 0.0 0.6 0.8 1.4 0.0 0.0 0.0 0.0
Vein Quartz 0.8 0.0 0.0 2.0 0.0 0.0 0.0 0.0
Undif. mat. 31.6 36.6 33.0 33.6 52.0 36.2 36.6 43.0Pumice 6.2 14.4 11.0 5.6 12.6 19.2 25.0 24.0
Relict Shards 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Accret Lapilli 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0















500 po in ts  cou n te d
KERILLON TUFF MEMBER
































































Quartz (vole) 5.6 10.8 9.4 7.4 12.0 9.4 4.4 13.8 6.2 8.6 11.0 9.4 8.0 14.4 10.2 10.8 12.0Total Feld. 
Plagioclase 
K-Feldspar




Replac Mafics 0.6 2.4 1.4 2.6 2.8 2.8 1.8 0 . 0 0.8 1.4 5.2 4.4 1 . 0 2.6 0 . 0 0 . 0 0.0Total Lithics 51.2 3.4 31.0 44.4 15.8 0.0 59.0 14.2 12.6 17.0 0.4 17.8 1.4 4.6 3.2 34.2 5.8Chert 0.0 0.0 0.0 0 . 0 0.6 0.0 0.4 1.6 0.0 1.0 0 . 0 2.4 0.6 0 . 0 1.6 4.8 1.2Q-F tuff 1.2 0.0 0.0 0.0 0.0 0.0 0 . 0 0.6 0 . 0 0.8 0 . 0 2.6 0.4 0 . 0 0.0 4.4 1.8Ash 0.0 0.4 3 . 6 3.6 2.6 0.0 0.2 0.8 0.4 1.2 0 . 0 1 . 0 0 . 0 2.4 0 . 0 1.4 0 . 0
Mafic Vole. 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 0 . 0 0 . 0 0 . 0 0.0 0 .0 0 .0
Rep glass R.F 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 . 0 3.2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 3.2 0 . 0
Lava frags 50.0 3.0 26.0 40.8 12.6 0 . 0 58.4 7.4 12.2 14.0 0.4 11.8 0.4 2.2 1.6 19.8 2.8
Tuffac s/s 0 .0 0 .0 0 .6 0 . 0 0 .0 0 .0 0 . 0 0 . 0 0 . 0 0 .0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 .0 0 . 0
Quartz s/s 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 . 0 0.6 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .6 0 . 0
Vein Quartz 0 .0 0 .0 0 .0 0 .0 0 .0 0 . 0 0 . 0 0 .0 0 . 0 0 .0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
Undif. mat. 23.4 41.6 34 . 4 18.6 37.4 48.8 16.2 35.0 33.8 29.4 38.0 33.2 46.0 43.2 59.8 30.6 49.6
Pumice 3.2 16.6 6.4 6.6 6.8 14.0 5.4 10.2 26.2 20.0 10.2 7.8 18.2 16.4 6.6 1.8 6.2
Relict Shards 0 .0 0 .0 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 .0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0
Accret Lapilli 0 .0 0 .0 0 .0 0 .0 0 . 0 0 . 0 0 . 0 0 .0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 9.0 0 . 0 0 . 0
Opaques 2.2 2.2 1 . 0 2 .0 1.4 2.2 1.8 1.8 1.8 1.2 2.4 2.0 1.4 0.6 0.8 0 . 0 0.6
Replaced Carb. 
Accessories
0 .0 0 .0 
Zr.
0 .0 0 .0 0 . 0 0 .0 0 . 0 0.0 tr. 
epid






0 . 0  
tr. 
epid















































Quartz (vole) 9 8 9 6 10 2 13 6 6 8 10 4 9. 2 8 6
Total Feld. 26 0 24 6 13. 8 19 4 12. 0 8 .8 . 8. 4 10 2
Plagioclase 14 2 23 8 29 8 29 2 10 0
K-Feldspar 13. 6 13. 0 11 6
Replac Mafics 0 0 0 0 0 0 0 0 0 0 0 0 0 8 1 6 0. 8
Total Lithics 22 8 7 8 26 6 13 8 4 2 12 8 30 8 4 4 0. 0 0 .0 0. 0 0 0
Chert 3 6 2 4 5 2 2 8 0 8 1 0 5 2 1 2 9. 8 9 6 10. 8 0. 6
Q-F tuff 0 6 2 0 3 0 0 0 0 0 0 0 1 2 0 4 6. 8 1 .4 2 4 0 4
Ash 0 0 0 0 2 0 0 4 0 0 0 0 3 8 0 0 0 0 0 0 0 0 0 0
Mafic Vole. 0 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 3. 0 0 2 1 0 0 0
Rep glass R.F 6 2 3 4 0 0 0 0 2 6 4 4 0 0 0 0 0. 0 0 0 0 0 0 0
Lava frags 12 4 0 0 16 0 10 6 0 8 7 4 19 0 2 8 0. 0 1 6 0. 0 0 0
Tuffac s/s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 6 .4 7 2 0 0
Quartz s/s 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Vein Quartz 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 . 0 0 2 0 2
0 0 0 . 0 0 0 0 0
Undif. mat. 40 6 55 2 44 2 38 4 49 6 43 6 39 8 50 4
Pumice 0. 0 2. 4 1 0 8 8 9 0 3 4 2 0 15 2 64 0 67 .8 62 6 69 0
Relict Shards 0 0 0 0 0 0 0 2 0. 0 0 0 0 0 0 .0 0 0 0 .0 0 0 0 .0
Accret Lapilli 0. 0 0. 0 0 0 0 0 0. 0 0 0 0 0 0 0 0 .0 0 .0 0 0 7 .4
0 .0 0 .0 5 .0 0 0
Opaques 0. 8 0. 4 3 8 1 4 0 6 0 6 3 0 0 .4
Replaced Carb. 0. 0 0. 0 0 0 0 0 0. 0 0 0 0 0 0 .0 0 .6 3 . 8 0 2 0 . 4
Accessories sphn 0 .0 0 .0 0 .0 0 .0
0.6
500 po in ts  co u n te d
KERILLON TUFF MEMBER












































9.0 12.0 9.6 7.4 9.2 5.2 6.2 16.2 13.6 10.2 6.6 7.4 10.8
Plagioclase
K-Feldspar









Replac Mafics 3.0 1.2 2.0 2.6 1.0 0.6 3.0 0.8 1.0 3.2 1.8 1.2 3.0
Total Lithics 0.8 0.0 0.0 0.0 16.6 25.4 0.0 13.2 7.4 0.0 21.0 35.0 3.6Chert 0.0 0.0 0 . 0 0.0 0.0 0.4 0.0 1.8 2.4 0.0 0.0 0.0 0.0
Q-F tuff 0.8 0.0 0.0 0.0 16.6 24.0 0.0 3.6 3.8 0.0 0.0 0.0 0.0Ash 0.0 0.0 0 . 0 0.0 0.0 0.0 0.0 1.4 0.4 0.0 0.0 0.0 0.0
Mafic Vole. 0.0 0.0 0.0 0.0 0.0 0.0 0.0 3.2 0.8 0.0 0.0 0.0 0.0Rep glass R.F 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0Lava frags 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 21.0 35.0 0.0Welded Tuff 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.8 0.0 0.0 0.0 0.0 0.0Quartz s/s 0.0 0.0 0.0 0.0 0.0 0.6 0.0 0.4 0.0 0.0 0.0 0.0 0.0Vein Quartz 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Undif. mat. 48.6 59.8 60.0 47.6 40.2 37.8 52.4 29.4 41.6 62.4 49.8 32.6 55.4Pumice 14.8 3.2 6.6 11.0 7.8 7.8 7.2 12.0 11.6 3.8 0.0 0.0 0.0Relict Shards 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 . 0
GA 1.8Opaques 3.0 1.4 1.0 0.8 1.2 1.4 0.4 1.6 1.2 0.8 1.4 1.0 1.8Replaced Carb. 
Accessories
0.0 0.0 0.0 
epid 
0.8






2.4 2.0 1.6 3.0
5 0 0  points c o u n te d
GA = glomeroporphyritic aggregate
APPENDIX 6
Modal analyses for the lower, middle and upper Carne Dacite 
Member and the Kerrawarra Dacite Member of the Tangerang 
Formation. Sample localities are given in Appendix 8.
LOWER CARNE DACITE MEMBER
Tangerang Creek Marulan South—Bungonia Ck
Collection no 6920 6921 6922 6923 6924 6925 6926 6927 6928Field number TR2 TR8 TB28 TB29 T01 TOll T018 T025 TCI
Quartz 0.2 0.8 1.4 0.8 3.0 4.0 2.2 3.2 5.2
Plagioclase 23.2 20.0 27.6 24.0 25.0 24.0 27.4 25.2 25.8
Hornblende 0.4 0.0 0.0 0.0 1.2 0.0 2.2 0.0 0.0
Pyroxene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Repl mafics 8.6 7.2 6.2 5.2 5.6 4.8 6.0 4.8 4.8
Mafic patch 3.2 4.8 2.8 2.6 4.0 S.2 3.0 3.6 4.2
Groundmass 63.8 66.6 61.2 66.4 60.0 60.4 58.4 62.6 59.6
Opaques 0.6 0.6 0.8 1.0 1.2 1.6 0.8 0.6 0.4
Accessories 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Bungonia Creek
Collection no 6929 6930 6931 6932
Field number TD4 TD11 TD13 TD31
Quartz 2.8 2.2 2.6 3.8
Plagioclase 26.4 24.6 25.4 24.2
Hornblende 0.0 0.0 0.0 0.0
Pyroxene 0.0 0.0 0.0 0.0
Repl mafics 7.4 4.4 5.4 7.0
Mafic patch 3.4 9.0 3.4 5.6
Groundmass 58.4 58.4 61.4 57.8
Opaques 1.6 1.4 1.8 1.6
Accessories 0.0 0.0 0.0 0.0
all totals 100% 500 points counted
Repl mafics = regular mafic grains replaced by chlorite, tremolite/actinolite 
or epidote
Mafic patch = cluster of mafic minerals, glomeroporphyritic aggregate
MIDDLE CARNE DACITE MEMBER
Brisbane Meadows - Bungonia
Collection no 6933 6934 6935 6936 6937 6938 6939
Field number TD36 TD37 TD38 TD43 TR66 TR38 R110
Quartz 5.6 3.2 3.8 2.8 1.2 0.6 1.2
Plagioclase 19.0 21.4 22.6 23.6 20.0 19.6 20.0
Hornblende 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pyroxene 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Repl mafics 6.8 5.4 5.2 4.4 5.0 7.6 3.2
Mafic patch 0.0 0.0 0.0 0.0 0.0 3.6 0.8
Groundmass 68.2 69.6 68.4 69.2 72.6 68.0 74.0
Opaques 0.4 0.4 0.0 0.0 1.2 0.6 0.8
Accessories 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Lumley Park
Collection no 6942 6943 6944 6945 6946 6947
Field number TJ2 TJ8 TJ13 TJ17 TJ22 TJ33
Quartz 3.0 0.8 2.8 3.0 0.8 4.4
Plagioclase 23.2 18.0 21.2 20.6 18.6 17.4
Hornblende 0.0 0.0 0.0 0.0 0.0 0.0
Pyroxene 0.0 0.0 0.0 0.0 0.0 0.0
Repl mafics 5.2 6.8 2.8 4.2 3.4 4.8
Mafic patch 2.6 2.0 3.2 2.0 2.0 3.8
Groundmass 65.6 71.6 70.0 67.4 73.8 69.4
Opaques 0.4 0.8 0.0 2.8 1.4 0.2
Accessories 0.0 0.0 0.0 0.0 0.0 0.0
all totals 100% 500 points counted
UPPER CARNE DACITE MEMBER
Big Hill Marulan to Jerrara o CO
Collection no 6948 6949 6950 6951 6952 6953 6954 6955 6956
Field number M376 M420 M665 M666 M669 TA17 TR33 TE7 TF5
Quartz 0.8 2.6 0.6 2.2 1.4 2.4 2.6 3.4 3.4
Plagioclase 24.0 29.2 22.8 32.2 27.4 24.4 23.2 23.0 23.4
Hornblende 0.4 0.6 0.0 0.0 0.0 0.0 0.0 2.0 0.0
Pyroxene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Repl mafics 2.0 4.2 1.8 2.0 1.6 4.2 6.4 4.4 4.8
Mafic patch 7.2 5.6 8.6 7.2 4.6 2.8 3.8 3.0 2.2
Groundmass 64.8 56.4 65.2 55.2 63.4 65.6 62.8 63.8 66.0
Opaques 0.8 1.4 0.8 1.2 1.6 0.6 1.2 0.4 0.2
Accessories 0.0 0.0 0.2
carb
0.0 0.0 0.0 0.0 0.0 0.0
all totals 100 500 points counted
KERRAWARRA DACITE MEMBER
Tarlo River Big Hill
Collection no 6957 6958 6959 6960 6961 6962 6963 6964 6965 6966
Field number CR6 CR13 CR14 M179 M166 M652 M670 M464 M475 M441
Quartz 1.2 0.2 0.8 3.8 0.4 0.8 0.4 0.6 1.0 1.8
Plagioclase 22.4 23.4 20.4 26.4 25.8 24.2 25.6 27.0 23.0 30.4
Hornblende 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0
Pyroxene 3.2 2.0 0.4 0.0 0.0 1.4 0.0 0.0 0.0 0.0
Repl mafics 2.4 2.6 1.6 1.8 2.4 3.4 3.2 2.0 1.2 2.2
Mafic patch 3.2 3.8 1.4 2.2 4.8 6.0 4.4 8.2 8.4 8.4
Groundinass 65.2 65.2 72.0 62.2 64.6 60.6 64.6 60.8 65.0 56.2
Opaques 2.4 2.8 3.4 3.6 2.0 2.0 1.8 1.4 1.4 1.0
Accessories 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.0 0.0 0.0
carb
Big Hill Brayton Marulan to Tangerang Cks
Collection no 6967 6968 6969 6970 6971 6972 6973 6974 6975 6976
Field number M328 M316 C132 C161 C177 TA15 R107 TB11 TRI 3 TB27
Quartz 3.6 0.0 0.0 0.0 0.4 0.1 2.0 1.0 4.2 1.4
Plagioclase 22.0 27.2 15.2 14.8 23.6 19.8 15.6 27.0 24.0 23.0
Hornblende 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Pyroxene 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Repl mafics 6.2 3.4 0.6 0.2 0.8 7.0 5.0 4.4 2.6 6.8
Mafic patches 0.0 0.0 2.6 3.2 3.6 0.0 4.2 0.0 0.0 0.0
Groundmass 65.4 67.6 80.6 80.8 69.6 72.0 72.8 66.0 69.0 67.4
Opaques 2.8 1.8 1.0 1.0 2.0 1.1 0.4 1.6 0.2 1.4
Accessories 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
all totals 100% 500-800 points counted
A P P E N D IX  7
Modal analyses for the Joaramin Ignimbrite, unnamed 
dacitic ignimbrites in the area between the Tarlo River and 
Brayton and the Barrallier Ignimbrite. Sample localities 
are listed in Appendix 8.
Joaramin Ignimbrite

































Quartz 16. 0 17. 4 15. 8 16 4 13 2 13 8 12 .8 13 .8 13. 2 7.6 11 .2 14. 8 15 .8 16 .0 16 .2
Plagioclase 22. 6 20. 2 25. 8 23 2 22 4 23 0 16 4 15 .4 10. 4 15 .2 10 .0 18. 2 22 .0 18 .0 22 .4
K-feldspar 5. 0 2 8 4 4 6 0 4 0 5 .4 4 6 2.4 1.4 1.8 2.4 4.8 7 .0 5.4 5.6
Undiff pyx 0. 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0
Hornblende 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0 .0
Biot ite 3 2 0 8 0 0 3 2 3 4 4 2 0 0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 0 0
Repl maf.ics 1 2 0 8 3 2 0 6 0 0 1 4 2 4 1.4 1.2 1.4 1.4 2.6 2.8 0 .8 1 4
Glomero agg 0 0 0 0 0 0 0 6 1 2 2 4 0 0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0
Lithics 0 .0 0 .0 0 2 0 0 0 0 0 0 0 0 0.0 0.0 0.0 0.0 0.2 0.0 0 .0 0. 0
Matrix 43 .4 47 .0 39 .4 45 0 50 2 49 0 59 2 62 .2 66. 4 64 .4 68 .0 46. 6 47 .2 54 .6 46. 8
Devit pumice 8 .4 8 .4 10 .6 4 4 5 0 0 0 4 6 4 .8 6.6 9.6 6.4 12. 6 5.2 3 .4 7. 6
Opaques 0.2 0 .4 0 .6 0 6 0 6 0 4 0 0 0 .0 0.6 0.0 0.6 0.0 0.0 0 .4 0. 0
Carbonate 0 .0 2.2 0 .0 0 0 0 0 0 0 0 0 0 .0 0.2 0.0 0.0 0.2 0.0 0 .0 0. 0
all totals 100 500 points counted
U nnam ed D a c it ic  Ig n im b r i te s
Brayton Tarlo River
Collection no 7034 7035 7036 7037 7038 7039 7040 7041 7042
Field number C329 C272 C271 C165 1126 M677 M648 M2 31 M216
Quartz 9.8 13.6 10.8 13.4 15.8 5.6 3.4 6.0 6.4
Plagioclase 23.6 31.0 30.0 25.8 20.8 23.4 26.2 34.2 29.8
K-feldspar 4.8 3.2 3.0 3.4 3.0 0.0 0.6 0.4 1.2
Undiff pyx 3.2 3.4 0.8 0.8 2.4 0.0 0.0 0.0 0.0
Hornblende 1.8 2.2 0.0 0.2 0.8 0.0 0.0 0.0 0.0
Biotite 2.8 5.0 0.0 7.8 4.2 0.0 0.0 0.0 0.0
Repl mafics 0.0 0.0 7.6 0.0 0.0 1.0 2.0 1.0 1.2
Glomero agg 1.6 2.4 0.0 0.0 0.4 1.0 1.2 0.8 1.0
Lithics 5.6 0.0 6.6 0.8 0.2 0.0 0.0 0.0 0.0
Matrix 37.8 34.6 34.0 23.2 42.6 56.8 48.8 36.0 47.8
Devit pumice 7.6 3.8 6.4 24.4 9.6 11.0 16.4 21.0 12.0
Opaques 1.4 0.8 0.8 0.2 0.2 1.0 0.8 0.6 0.6
Carbonate 0.0 0.0 0.0 0.0 0.0 0.2 0.6 0.0 0.0
all totals 100 S00 points counted
B arra ll ie r  Ig n im b r ite
Tarlo River to Big Hill Brayton Marulan South
Collection no 6979 6980 6981 6982 6983 6984 6985 6986 6987 6988 6998 6990 6991 6993 6994 6995 6996 6997 6998 6999
Field number CR31 M129 ME65 M336 ME97 M378 M663 ME8 M387 C261 C248 C234 BR2 1125 1744 1742 877 TR4 TB23 TR20
Quartz 3.6 4.6 5.4 3.6 3.6 6.0 4.8 3.4 4.0 4.2 3.2 6.0 5.6 5.4 6.0 6.0 2.0 6.5 4.0 3.9
Plagioclase 33.4 32.2 22.8 25.6 23.0 29.2 31.8 31.0 25.2 28.2 25.2 29.6 34.4 40.2 37.6 31.0 29.7 27.5 26.5 32.4
Hypersthene 1.6 6.6 0.0 0.0 3.0 0.0 0.0 1.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.8 0.0
Augite 0.8 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 0.6 0.0 0.0 0.0 0.0 0.0 0.0
Undiff pyx 0.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.8 0.0 0.2 0.3 0.0 4.5
Hornblende 2.6 0.4 1.2 2.0 0.8 2.8 0.0 1.8 1.4 3.6 2.6 3.8 2.0 3.6 4.8 0.0 2.1 2.4 3.6 4.0
Biotite 2.2 1.6 0.0 0.0 2.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.9
Repl mafics 3.0 0.0 5.4 3.8 0.6 3.8 6.8 6.8 8.0 9.0 4.4 4.4 7.0 7.2 3.6 8.2 5.6 4.2 0.8 5.1
Glomero agg 2.0 1.0 2.0 4.8 0.4 0.4 1.0 2.0 0.0 1.2 0.0 0.2 0.4 0.0 1.6 0.6 0.0 0.8 0.0 0.0
Matrix 41.8 48.6 49.0 59.2 61.8 44.2 44.6 46.6 48.6 42.6 54.6 46.2 46.8 39.4 42.6 49.8 59.3 57.0 57.9 47.1
Devit pumice 8.0 4.2 12.8 0.4 2.6 12.2 9.6 5.0 11.6 8.6 9.4 8.0 2.0 1.4 1.2 3.4 0.0 0.0 0.0 0.0
opaques 1.0 0.8 1.4 0.6 1.4 1.0 1.4 2.2 1.2 2.2 0.6 1.8 1.4 2.2 1.8 1.0 1.1 1.4 1.5 1.1
all totals 100% 500 points counted 500-800 points counted
Repl mafics = mafic grains replaced by chlorite, tremolite/actinolite 
Glomero agg = glomeroporphyritic aggregates
Devit pumice = lensoidal patches of coarsely devitrified and recrystallised 
material
Barrallier Ignimbrite
Marulan South to Jerrara Creek Bungonia
Collection no 7000 7001 7002 7004 7005 7006 7007 7008 7009 7010 7011 7012 7013 7014 7015 7016
Field number TE1 837 TE5 TR16 TF5 TF7 1032 TF9 54 1147 TR40 TD44 435 TD46 324 1160
Quartz 8.3 5.0 3.9 7.5 3.6 7.4 4.3 7.5 5.8 2.5 8.1 6.3 7.9 8.9 8.4 6.0
Plagioclase 27.0 27.8 29.7 31.1 24.0 33.0 28.2 32.6 31.0 28.5 35.4 35.0 33.1 31.2 32.4 33.5
Hypersthene 0.0 4.9 5.0 5.0 2.4 6.1 0.0 5.4 5.8 3.3 0.0 0.0 0.4 0.2 0.0 0.0
Augite 0.0 0.0 0.0 0.1 0.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Undiff pyx 0.0 0.0 0.0 0.0 0.0 0.0 3.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Hornblende 2.6 2.6 2.8 1.5 2.8 3.1 2.4 4.3 2.6 2.6 4.3 4.0 2.2 3.1 3.1 5.4
Biotite 0.0 0.4 0.0 1.6 0.0 0.5 0.0 0.2 0.0 0.0 8.5 2.6 4.2 0.0 5.5 0.0
Repl mafics 5.1 4.8 1.0 1.9 5.1 1.3 4.5 1.5 0.9 4.6 1.2 4.8 4.6 9.4 3.5 5.9
Giomero agg 0.0 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Matrix 55.4 52.9 55.2 50.1 60.2 45.6 55.9 46.6 52.8 57.1 41.0 46.0 46.0 45.1 45.9 47.0
Devit pumice 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
opaques 1.6 1.7 2.1 1.1 1.9 2.0 1.5 1.9 1.2 1.4 1.5 1.4 1.5 2.1 1.2 2.3
all totals lOO5 800 points counted
APPENDIX 8
List of thin section and geochemical sample numbers 
referred to in the thesis and their grid reference. Grid 
references are based on the 1:100000 National Topographic 
Map Series; Sheet number 8929 = Burragorang, 8829 =
Taralga, 8928 = Moss Vale and 8828 = Goulburn. Both 
original field numbers and the numbers included in the 
Departmental collection, housed in the Geology Department 
at the University of Wollongong, are included in this list.
LIST OF THIN SECTIONS REFERRED TO IN THESIS
* Tuffaceous sandstone association
Field no. Collection no. Grid reference
MASSIVE T021 TS

































































TD3 3 TS 6734 8828 727420
Tllla TS 6735 8828 669306
Tlllb TS 6736 8828 669306
TI12 TS 6737 8828 668306
TK22 TS 6738 8828 629299
TI31 TS 6739 8828 624295
TI34 TS 6740 8828 619296
1221 TS 6741 8828 627249
TH23 TS 6742 8828 627249
GRADED TI3 TS 6743 8828 673305
SANDSTONE TI4c TS 6744 8828 673305
BEDS TI5a TS 6745 8828 673306
TI5b TS 6746 8828 673306
TI7a TS 6747 8828 672308
TI7b TS 6748 8828 672308
TI9b TS 6749 8828 671306
COARSE- TJ19 TS 6750 8828 669339
GRAINED TJ3 5 TS 6751 8828 664332
TO PEBBLY TJ4c TS 6752 8828 671350
SANDSTONE TJ4b TS 6753 8828 671350
TJ6b TS 6754 8828 671349
TJ28b TS 6755 8828 676337
TJ37 TS 6756 8828 670338
TJ46 TS 6757 8828 665328
2. Quartz sandstone association
BCM TH27a TS 6758 8828 607277
THlb TS 6759 8828 645252
1317 TS 6760 8828 643250
TH17 TS 6761 8828 643244
1316 TS 6772 8828 644244
PROXIMAL TN3 TS 6763 8827 601226
TURBIDITE TN4 TS 6764 8827 600225
QUARTZ TJ59 TS 6765 8828 680323
SANDSTONE TI22b TS 6766 8828 683319
(lower) TI20 TS 6767 8828 680315
TL11 TS 6768 8828 612242
TM6 TS 6769 8827 611221
TM8 TS 6770 8827 607220
QUARTZ TR29 TS 6771 8928 262487
SANDSTONE TR30 TS 6772 8928 262484
(upper) TR32a TS 6773 8928 262479
TR18d TS 6774 8928 258463
TR42 TS 6775 8828 719422
TR82 TS 6776 8828 713385
TR90b TS 6777 8828 689345
TJ24 TS 6778 8828 680337
TJ53 TS 6779 8828 676326
TI16 TS 6780 8828 666308
TI13a TS 6781 8828 616303
TK30 TS 6782 8828 616300
TI40 TS 6783 8828 618299
3. Devils Pulpit Member
UNIT 1 T023b TS 6784 8928 276487
T027a TS 6785 8928 275485
T029 TS 6786 8928 273480
T013 TS 6787 8928 270471
T02a TS 6788 8928 270464
TD29b TS 6789 8828 733426
TR88C TS 6790 8828 704351
UNIT 2 T037a TS 6791+ chem anl 8928 268461
T037C TS 6792 8928 268461
TC2b TS 6793 8928 265454
UNIT 3 T023C TS 6794 8928 276487
T027c TS 6795 8928 275485
T012 TS 6796 8928 270472
T02 TS 6797 8928 270464
T02b TS 6798 8928 270464
T02c TS 6799 8928 270464
TC5 TS 6800 8928 264457
TR44c TS 6801 8928 261449
TR49 TS 6802 8928 258442
TD28 TS 6803 8928 732427
T037 TS 6804 8928 268461
TR49c TS 6805 8928 258442
T037b TS 6806 8928 268461
T036b TS 6807 8928 268461
TR49b TS 6808 8928 258442
T028b TS 6809 8928 273480
UNIT 4 TD27f TS 6810 8828 731427
TD27h TS 6811 8828 731427
TD27g TS 6812 8828 731427
TD27a TS 6813 + chem ani 8828 731427
TR47c TS 6814 8828 742438
TD5 TS 6815 8828 742447
T04b TS 6816 8928 268466
TD27b TS 6817 8928 731427
TD27c TS 6818 8828 731427
TR72a TS 6819 8828 720401
T04c TS 6820 8928 268466
TD27d TS 6821 8828 731427
TR45C TS 6822 8828 739442
TR47b TS 6823 8828 742438
TR77c TS 6824 8828 738439
TR47c TS 6825 8828 742438
SOUTHERN TH16 TS 6826 8828 641265
EXPOSURES TI27 TS 6827 8828 630295
TI33 TS 6828 8828 620296
TI22 TS 6829 8828 683319
TI44 TS 6830 8828 652278
TI25 TS 6831 8828 631295
TI30 TS 6832 8828 625294
TJ60 TS 6833 8828 683319
TH20a TS 6834 8828 627240
TH20b TS 6835 8828 627240
TL7 a TS 6836 8828 616247
TH18b TS 6837 8828 630247
TL7b TS 6838 8828 616247
TI22c TS 6839 8828 683319
TK19 TS 6840 8828 639294
TH25 TS 6841 8828 615254
TH24 TS 6842 8828 614263
TL4 TS 6843 8828 622239
TL9a TS 6844 8828 616240
TL9b TS 6845 8828 616240
TNI TS 6846 8827 605225
TI26 TS 6847 8828 631295
TI49 TS 6848 8828 661286
TL3 TS 6849 8828 625239
TH18a TS 6850 8828 630247
TL5 TS 6851 8828 619238
TL10 TS 6852 8828 614239
TM9 TS 6853 8828 608221
1233 TS 6854 8828 630248
1234 TS 6855 8828 630247
Kerillon Tuff Member






























TB19b 6871 8928 264492
TB19C 6872 8928 264492
TB19d 6873 8928 264492
UNIT 2b TB9a 6874 8928 263500
TB20a 6875 8928 263492
TB20c 6876 8928 263492
UNIT 2c TB9b 6877 8928 263500
TB9c 6878 8928 263500
TB9d 6879 8928 263500
TB20e 6880 8928 262492
TB20Í 6881 8928 262492
TB21a 6882 8928 262491
TBIOa 6883 8928 262499
TBIOb 6884 8928 262499
TBIOc 6885 8928 262499
TB22a 6886 8928 261491
TB26a 6887 + chem anal 8928 260489
TB26b 6888 8928 260489
TE4a 6889 8928 258470
TE4b 6890 8928 258470
TBIOd 6891 8928 262499
BRISBANE TR63 6892 8828 711405
MEADOWS TR66C 6893 8828 714406
LUMLEY TJ5 6894 8828 673348
PARK TJ14b 6895 8828 673343
TJ20 6896 8828 668341
TJ28c 6897 8828 676337
TJ29b 6898 + chem anal 8828 675337
TJ55 6899 8828 667324
TJ38f 6900 + chem anal 8828 672341
TJ49 6901 8828 672333
TJ7 6902 8828 673348
TJ12 6903 8828 673345
T J27d 6904 8828 677337
1408 6905 8828 676339
TJ27c 6906 8828 677339
b i g h i l l CR4 6907 8929 281818
M0499 6908 8929 293768
MO 19 2 6909 8929 295780
ME671 6910 + chem anal 8929 291785
MEI 8 8 6911 8928 278757
ME194 6912 8928 284757
ME353 6913 8928 272741
ME35 5 6914 8928 270740
MP 8 6915 8928 259678
ME653 6916 + chem anal 8928 247779
ME530 6917 8829 258792
ME523 6918 8829 253786
CR39 6919 8929 256818
5. Carne Dacite Member
lower TR2 6920 8928 265486
TR8 6921 8928 264479
TB28 6922 8928 270497
TB29 6923 8928 268492
TOI 6924 8928 270465
TOll 6925 + chem anal 8928 270471
TO 18 6926 8928 274472
T025 6927 8928 276486
TCI 6928 8928 265454
TD4 6929 8828 743448
TD11 6930 8828 741444
TD13 6931 + chem anal 8828 741441
TD31 6932 8828 734426
middle TD3 6 6933 8828 722414
Brisb TD37 6934 + chem anal 8828 719415
Meadows TD38 6935 8828 717416
TD43 6936 8828 713414
TR66 6937 8828 714406
TR3 8 6938 8828 725432
TR110 6939 8828 698384
TD41 6940 + chem anal 8828 714415
TR68 6941 8828 712407












































+ chem anal 8828 730720
8828 737751
+ chem anal 8928 256515
8928 257500



















+ chem anal 8928 261500
8928 259494
TB27 6976 8928 269497
CR26 6977 chem anal 8829 262814
Barrallier Tqnimbrite
ME110 6978 chem anal 8829 738774
CR31 6979 8829 734799
ME 129 6980 8829 247785
ME 6 5 6981 8828 734749
ME 3 3 6 6982 8828 727741
ME97 6983 + chem anal 8828 722735
ME37 8 6984 + chem anal 8828 729729
ME663 6985 8828 742719
ME 8 6986 8828 749715
ME387 6987 8828 745713
CL261 6988 8828 730635
CL248 6989 8828 717626
CL234 6990 8828 732628
BR2 6991 + chem anal 8828 732622
1124 6992 chem anal 8828 719614
1125 6993 8828 725610
1744 6994 8828 719618
1742 6995 8828 709609
877 6996 8828 746512
TR4 6997 8828 743506
TB23 6998 8928 259490
TR20 6999 8828 740479
TE1 7000 8928 257476
837 7001 8928 255472
TE5 7002 8928 257468
TE6 7003 chem anal 8928 258466
TR16 7004 8828 740463
TF5c 7005 8828 743456
TF7 7006 8828 741459
1032 7007 8828 741460
TF9 7008 8828 738459
54 7009 8828 730453
1147 7010 8828 728455
TR4 0 7011 8828 721428
TD44 7012 + chem anal 8828 712412
435 7013 8828 710413
TD46 7014 8828 707410
324 7015 8828 698388
1160 7016 8828 697385
8. Joaramin Ignimbrite
CR16 7017 8929 267807
CR18 7018 8929 265808
ME676 7019 + chem anal 8829 263796
ME 6 6 7020 + chem anal 8828 734750
ME 6 9 7021 8828 731751
ME341 7022 8828 732749
1123 7023 8828 720648
1752 7024 8828 721646
CL336 7025 8828 742627
CL183 7026 8828 743613
CL116 7027 8828 745605
1427 7028 + chem anal 8828 734588
BR6 7029 8828 722549
TRIO 5 7030 + chem anal 8828 709488
TRIO 1 7031 8828 682435
BR8 7032 chem anal 8828 737551
S311 7033 8828 705472
unnamed CL329 7034 8828 739620
dacites CL272 7035 8828 730606
Brayton CL271 7036 8828 730604
CL165 7037 + chem anal 8828 729604
1126 7038 8828 729589
Tarlo R ME677 7039 + chem anal 8829 266797
ME648 7040 + chem anal 8928 263773
ME231 7041 8928 267765
ME216 7042 8928 266761
Western CR27c 7043 8829 731805
CR30 7044 8829 732803
y booI Vs c  f  *• ’
I
